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hen we trv to explain a cat's daredevil behavior, we say “Curiosity 
killed the cat.” and when it somehow survives, we cover that with 
“A cat has nine lives.” The same-could be said for explorers. No 
one really knows what drives a person to nsk all—to stand on the highest 
mountain or reach the deepest ocean trench. What we do know ts that 
miuny follow their lead, and their acts often change the course of history. 

When courageous European sailors tested the Middle Ages beliefs that 
the earth was flat. and anyone who sailed too far would fall off the edge. 
they did more than come home heroes. Entrepreneurs and settlers poured 
out of Europe in their wake, dramatically changing the world, What would 
the Americas be like today had those sailors been Chinese or Japanese? 

Until Sir Edmund Hillary and Tenzing Norgay in 1953 reached the summit 
of Mount Everest (night), it had defeated all challengers. Since then, close to 
200 men and women have stood there. More than 60 have ched trying. The 
tens of thousands of tourists who have since swarmed to the Everest area to 
enjoy its beauty have changed life in the Himalaya more im three decades 
than it had changed in thousands of years. And not always for the better. 

Other than the discoveries themselves, the most valuable legacy of ex- 
plorers is the maps they produce for those who follow, As a special supple- 
ment to this issue we include two spectacular maps produced by a team of 
modern explorers utilizing the latest cartographic technology. 

Today's sailors explore not just the oceans’ shores but also their depths. 
In the wake of the Beebes and Cousteaus, even tourists now view undersea 
life from submersibles, as we see in our article on the Cayman Wall. 

Russian scientist Konstantin Tsiolkovsky predicted in 1899, “Earth 16 the 
cradle of humanity, but humanity cannot remain in the cradle forever.” 
Explorer-astronaut Michael Collins's article “Mission to Mars” presents a 
plan that would enable interplanetary travel to leave the pages of science 
fiction and become reality in the lifetime of most of us. No one can say who 
the first explorers of other planets will be, or even why they will be doing it, 
but one thing is sure: Masses of other humans will follow in their wake. 
perhaps forced to dasa because Cradle Earth will have become not only 
too smal! but also worn out from misuse. So far as we know, it doesn’t have 
nine lives. 





A distinctive plume billows from the east face af Mount Everest. Plerced by 
the world's highest peak, the prevailing winter jet stream draws moisture-laden air 
up from southern slopes, condensing a thick cloud bionket on the lee side. 
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The michest and mightiest Himalavan peak, Mount Everes 





was viewed os nature's final stronghold after explorers reached 
the North and South Poles. The awesome splendor surrounding 
eorth’s “third pole” beckoned boldly (lett, and key below | 

‘Lord of all, vastin unchallenged and isolated supremacy 
wrote English climber George Leigh Mallory, upon first sccm 
Everest (right)—known to Tibetans as Chomolungma (Qomo- 
langma!, or “goddess mother of the world,” and to Nepalese as 
Saparmutha, “ky head.” A practical route up the mountam was 
firstexplored in 192) by Mallory he ched on his 1924 attempt to 
reach the summit, disappearing above 27,700 feet 

In 1953 Tenzing Norgay, a Sherpa. and Edmund Fillary, a 
mew “.chlander. became the first to stand at the summit, Mehest 
noint on earth. Ten year later the first American expedition 
scaled the peak, Some team members—inciudme NATIONA 
GEogkaPHic + Bany CC. Bishoo—took the same route as Hillary, 
while others completed the first traverse of the mountain. 
up the west ridge and down the southeast ridge. In 1973 a Britesh 
expedition forged a path up the southwestern tice, amdin [Yau 
famed climber Reinhold Messner reached the summnnt alone 
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By BARRY C. BISHOP 


VICE CHAPINLAN, MATIONAL GEOMBAPHLC COMMITTI PRR BESRARCH ASD PRL OLA TICs 


Photographs by WILLIAM THOMPSON 
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More than half 


rwaS Lare on Christmas Day, 1984. My face was transfixed 
against the Learjet window like a portrait locked ina frame. We 
were circling clockwise around that third pole of the earth—the 
summit of Mount Everest. Two mules separated plane from peak, 
but the clarity of the air seven miles up made it seem that | could 
reach down and touch the sharp ridges. Snug in the living-room 
comfort of the jet, I felt an uncasy detachment. The mountain. highest 
on carth, poised between Nepal and Tibet, seemed so bloody benign. 

[knew better. Beyond the window the temperature was a paralyzing 
77 degrees below freezing; and a westerly wind flayed the slopes at 1M) 
miles an hour. It had been a brutal season tor climbers on Everest and 
her sister peaks. 

My mind was running on two tracks, (ne was totally absorbed in the 
panorama below. The other, faded by time, relived those hours a quar- 
ter of a century earlier when | reached Everest’s summit, 29,028 feet 
above sea level, as a member tf the first American Mount Everest 
Expedition.” We had been bucky that season: Everest had been uncom- 
monly tranquil. In short, the weather had been only miserable, not 
impossible. 

“We're going to have to break off now —1t's nearly sunset. “The 
voice of Capt. Bernt Herrlin over the intercom jarred photographer Lill 
Thompson and me from our thoughts and work. “One more circle,” 
Bill pleaded, “the light’s fantastic!” We were treated to one last rosy- 
hued vista (pages 616-19) before Bernt turned southwest toward the air- 
port at Kathmandu, Nepal's camitai. 

The gods of the Himalayas had been good to us that day and the pre- 
ceding week, giving us sufficient clear weather to complete high- 
altitude aerial photography of Everest, We were members of a team as- 
sembled by mountain-mapper extraordinary Dr. Bradford Washburn. 
Honorary Director of Boston's Muscum of Science, His account of the 
historic Everest-mapping project begms on page 653 of this. issue. 

Bill Thompson was right —what fantastic light that dav, and what fan- 
tastic photographs these are of Everest and the Flimalaya. Their sense 
of unspoiled beauty and splendor is dazzling—and, unfortunately. 
misleading. 

Everest and the Himalaya are in trouble today, precisely because of 
that splendor. When I first trekked into the Everest region three 
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Laps SeVCrn) dozen Toreigners 4 year set toot there 
Today nearly a ccmaiie 7 of a million foreigners visit Nepal cach year— 
trekkers, climbers, sizhtseer. Nepalese authontrcs hope to quadruple 
tiat ty eure to a thillion within the next decade 
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“We havi 
anew proverb,” says my frend Hemanta Mishra, a distingumhed Wend 
lese ceologist and a member of the King Mahendra Trust for Nature 
chaired by Nepal's Prince Gyanendra, “We say there are 
now three religions in Nepal— Hinduism, Buddhism, and tourism.’ 

The last of these brines de sperately needed revenue to al feast a small 
number of Nepal's spiraling population —now over [8 million—whose 
er CaP ILE MOOTIe ct Slollha year is one of the world's lowest 
ronmental eth avs DnMOTET Me ale oe Fricrdd, 
ple whose first concem isthe next meal,” 

Yel Nepal's leaclérs are struggling to cio yust that 
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The government 
his sel asnle over | percent of its total urea in more than 6 doven na- 
tional purks and preserves. The most recent one, the | (kb+squane-mile 
Annapuma Conservation Area, is administered by the King Mahendra 
Lust with the POP Ted Py of local inhabitants: mast ol the mecnme 
Irom @ user fee imposed on tounsts foes hrectly to the 4 lagers 
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To some the attitude of neglect toward the Himalaya is a legacy from 
earlier generations. An Amencan friend who has traveled both on the 
Nepalese and Tibetan sides of the range recalls Americans’ early atti- 
tude toward their own land. 

“When | wasa kid in Missouri,” he says. “I was taught how we ‘con- 
quered’ the West—we didn't settle or preserve it, we conquered it. Then 
we conquered the mountains, we conquered the Poles, and we con- 
quered the ocean depths. Everywhere we went, we conquered. And in 
the process we destroyed more than we preserved. For God's sake, let's 

not ‘canquer all the Himalaya.” 
——— a One who shares that view is Sir Edmund Hillary. 
oS | mow 69, who with Sherpa Tenzing Norgay first reached 
+ the summit of Everest on May 29, 1953. They fol- 
vA aw é” lowed a distinguished roster of British climbers 
HINA | who had challenged Everest in the 1920s and 
= ‘30s and failed. The best known among 
them wus George Leigh Mallory, who 
with his partner Andrew Irvine vanished 
neat the summit in 1924. Mallory is 
credited with the now famous reply to 
the question most mountaineers find 
irrelevant: Why climb Everest? Ac- 
cording to one account he was asked 
the question in Philadelphia during a 
lecture tour in 1923. He replied impa- 
tently, “Because it is there.” 
In Edmund Hillary's view explorers 
have an obligation that goes far be- 
yond discovery, and he has fulfilled it many times over for 
his friends the Sherpas. In the past quarter century his 
Himalayan Trust has built 26 schools, two hospitals, a 
dozen medical clinics, and countless bridges and water svs- 
| tems, all for the Sherpas. He was also.a driving force behind 
2 | the creation of Sagarmatha National Park. 
Shi Meanwhile both China and Nepal are pressing ahead 
with major economic development. For the first time one can 
p mi now fly directly berween Lhasa and Kathmandu, a boon for 
cine tinal tourists, Nepal plans several hydroelectric dams on the Arun River 
cast of Everest, while China contemplates a dam in the great bend 
of the Brahmaputra, which would be the world’s largest hydroelectric 
gencrating plant. 
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EPAL REMAINS the focus of world interest in the Himalava.as 
well as a battleground between conservationists and commer- 
cial interests. Yet with reason and patience the two can cnex- 
ist. The charter of the King Mahendra Trust declares that its 
obi jective is “to demonstrate through various programs that the rela- 
honship between nature conservation and basic human requirements 
need not be antagonistic.” 

Slowly Nepal's basic needs are being addressed. Malana, once the 
scourge of her subtropical lowlands, has been largely controlled. Thus 
new agricultural opportunities have been created, particularly for hard- 
pressed hill people from the lower Himalaya—but at the expense of 
clearing vast tracts of hardwood forests. 

Roads and airstrips are changing the old seasonally paced ways of 





630 National Geographic, November 2088 


subsistence to a cash economy. But again at 4 price, for the bulldozer’s 
blade trigwers erosion of steep and unstable slopes, 

Ina recent landmark step Nepal's National Panchayat, or icgistature, 
voted to return a sizable percentage of government-owned forestland to 
local people for ther use and management. [im certain that the 
nation s hull people are capable of preserving their natural and human 
resources if given the chance. With their tradition of living close to the 
land, they recognize the long-range payoff of environmental principles 

Already protective measures for wildlife in Sagarmatha have begun 
lo show results. Species that seemed destinec 
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IVs. such as the musk diter and the tahr, a type. of wild goat, are 
making at least a local comeback 


HAT DOES THE FUTURE HOLD for this Himalayan realm? 
nere are those who beheve that all of Nepal's problems 
can be solved by the megabuck, high-tech approach, while 
doomsayers maintain that there is no longer any hope at all 
for the Himalayan environment. But most, { think, share my mixture of 
deep concem and cautious optimism 

Certumnly the threat to the Himalaya is rea 
For millennia the mountains’ majesty and mystery have inspured. An 
ancient Hindu scripture declared: “As the sun dries the morning dew, 
sO Gre the sins. of man dissipated at the sight of the Himalaya.” 

Avarice and indifference must not destroy this heritage of future gen- 
erations. For it is a magnificent heritage, a blend of the Himalaya’s nat- 
ural wonders and the stalwart peoples who dwell m their shadow, And 
why should we concer ourselves with cither one? 

AS Mallory would say: Because they are there eo 4 















and certainly it is human 
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HEN THE FURY international ¢hmbing experi La. Some beheve Ronghuk was 
of {hing = (ol tions. About that time the the model! for Shaneri-La, the 


tural Revolution Chinese government declared fictional monastery in james 


swept over Tibet, that a mistake hac been made Hilten’s [933 novel, Lot Mori 

more thon 6,000 and that the Tibetans could re com, Though Hilton sited hi 
Lamnistic monikstertes were re- buihd some of their monesteries ‘tory elsewhere, he may well 
duced to rubble, as Red Guard One who never lett Rongbuk, a have dniwny fis material from 


propagandists forced Tibetans Buddtist nun (below) survived George Leigh Mallory’s ill-fated 
to lay waste thet religious Neri with others for years im A expeditions in the 19208, which 
tage. AL hallowed pilgrimage siie nearby cave wal Ronghuk 052 base camp 
Ronebuk Monnstery was Toray the monks chants ring and fired the imagination of 
demolished in a frenzy of revolu again through the pristine ai climbers evervwhen 
tHonary zeal sometime in the though in far fewer numbers, 25 When Everest was finalls 
earty 1ovOs the world’s highest monastery ecole in 1954, 1 was Irom the 
During a 198] wisit Cralen nses from the ruins (below meht) Nepal side, The first successful 
Rowell fowned the plundered under the gage of Everest ascent from the north was 


monastery (right) led A past on the eastern side of Claimed by a -Chinesé-expedcitien 


with the garbage and litter of the mountain is called Chanerl n 1960) 
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supplies of firewood tors. Some conservationist 
Wear the entrance to the park oppose the new wirstrip, how- 

| 000 feet above the Sherpa vil ever, fearing thai easy acces 

laze of Namche Bazar, wn old Will attract lod many visitors 

urstrip (right) will soon be ind overpower an environment 
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RASH ANT? RUPEES line 
the way to Shangri-La, 
a9 thowsands of visitors 
from the developed 
world descend on Ne- 
pal to éxpeérience thie ultimate 
adventure: a trek to Everest, 
Many don't expect, oreven de- 
sire, Western amenities. Yet in- 
creasingly that is what they find 
in the lodges of Namche Barar, 
along the trail from Lukla to 
Everest Base (amon 

Once a trading 
route to Tibet vin the Nangpo 
Pass, the village has been 
transformed into a trekkers’ 
town, With new guest lodges 
rising every year along the ter 
Some offer four- 
page menus—inclucing yak 
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Steak and chicken tetrazzini 
along wilh private roms and 
hot showers, 

What many Visitors would 
like to see—the alpine forésts 
that once dotted the slopes of Lhe 
KRhumbu—thev probably never 
wilh, “The stands of trees that 
ereeied Sir Edmund Hillary anel 
Tenzmg Norgay at Everest’s 
base in 1953, when they became 
the first men Lo acale the moun 
tain, have all but clisappeared 

The number of tourists in 
eral hs risen from fewer than 
=f 000 4 year im 1960 to nearly 
250,000 today; the government 
a bo quacrupls that number 
bythe vear 7000, Of the $0,000 
who are driavn to the kingeom's 
sprawling Himalayan frontier, 





which offers 1272 peaks to climb, 
some 10,000 visit Sagarmatha 
Mona: Park, menny of expect. 
tions equipped with tents, sheep- 
ing bags, and. porters. Some 40 
trekking geencies employ § 000 
to 7 000 locals, most of whom 
earn more than twice the nation- 
al per capita mcome of $160 
(UL. S.ja vear. Once the exclu. 
sive domain of the local Sher- 
pes, today's portering jobs are 
also filled by other Nepalese, 
hike this man counting his wages 
(right). Some Sherpas, mean 
while, have become lodge own: 
ers and entreprencurs, many of 
them rich by local stancards 
The garbage ane litter left 
hehitid by trekkers has reached 
appalling proportions; The beat 
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Son for expedition companies 
LO Crean Wp Artes themselves, bust 
ectting individuals to comply i 
fone cate ulh. eas of trash 
wily the corricor fram Lukla to 
Namcoe Bararanl all the wat 
upto Everest Base Camp at 


IS.000 feet, where most trekkers 


end ther journey. Farther tip, 


F aod - aS, He pa - l Po 
LTS he i | The i aot hon 
t 


has created the world’s highest 
Parhape dup on Peres 
Scuth Col 

For a time some locals consid 
éred their trash heaps ming 
status symbols, cemons 


wealth anc access to pre 


packaged Weiter pools. Bul 
ip ami Oe thi Tri fre bent CIEL Fy 


celled by the evesores and ar 


PONTE use garb = 
i i r =a bae | i 
eory ILE [ La Be eee | i 


i Fié Aimatava enti ut iris et be. 


Of much ereater concern | 
entists is the impact of relent 


lass population growth on the 


i Safar©r- 
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PoOVITORMEnMt, WoL Tus 
matho Purk but throws 
northern Sep and the entire 


Himalayan waterched 


Cine of the world's poorest na- 
tions, Nepal is struggling to pro 


rice alternative energy sources 
tons TR million chiens. So far 
these efforts have produced 
MGAREr Tests for those living 
Hong the Himalayan (renter, 
and the highlanders continue ty 
strip their Mountains of Trees 
arn shrubs, sometimes pulling 
them out by the toots. The inev 
table result: 4 Epi eros of 
topsoil, Which, once lost. will 


re one fOreve 
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LINGING LIGHT to the 
roof of the wrorlel, 
Sepalese porters haul 





the last of four 700 
SE. meter leneths of pow 
er cable through the streets of 
Namche Bazar on the final leg 
of a grueling three-day climb 
from Lukis. Inauprurated in 
April 1988, the small byctroolec- 
tic project to which the under 
erhund cables were connected 
Will ease the austere existence of 
SO monks at the Thrangboche 
VWlonastery near Namche Hagar 


Nepalese eneineer Girieh Khare 


(eA, al left) and American proj- 
ect coordinator Broughton Co 
burn inspect the intake grille 
throweh which flac) melt from 
Mounts Kanctera and Tham- 
serku, in backround, flows to 
B holding tank. From there it 
drops 90 meters throdeh © pie 
to a small turbine in a down 
ftream powerhouse, The project 
<0 Simple in design that-it was 
built with only 50 bags of 
CE MeERT 

Rewiring lite mrimnternince, 
the <vatem eenerates only 22 
kilowatts of electricity, the 
ETOUnt needed to pawer four 
Amencan homes. The monks at 
Threangboche ration then cur- 
rent judiciously, selling the 
email surplus to afew nearby 
locses Low-watt, ctnerey- 
efficient ight bulbs use only 4 
percent of the electricity. A few 
space heaters and coils for cook- 
ing and heating water consume 
most of the balance 

A25-kilowatl byilroe project 
at Nameche Bazar liehis the vil- 
lage at mht but provides too lit 
tle energy to replace firewood 


for Cooking 


P ror Shower 

 Cofrmtace Boll Chace 
Cols & apps pis 

| dtalishls here | 











CALLING Lire chizeving Vhanvy scientists decry the loss 


slopes of a mountain Of Sl-TeLaining Torest cover on 
ide southwest of Sa such slopes, Withers, however 
rurmatha Park, maint that the continuing 
culptured terraces (left) upthrust of the young mountain 
climbsome 3,000 feet tot 


le fanee 4 primarily responsible 
chowils. As the population of the for the kind of landslides 


highlands continues to expand, 


the terraces climb ever hither 


[nat DAVE FAV ere Anothe 


mountainside in the sare 


often to the very Mopetops Fefvon tabave) 








IONSERVATION comes 
hard in the moun 
tins of Nepal, where 

ul cormes first 

On the edge of a vir- 
mn forest in the shadow of Vis 


ne Ee 


| | i i | | is i 
| = ; 
RE, FL j tf ae elt Ld eh beat . 


meter) peak cast of Everest, a 
= timber Irom A 
Hillside burned over for millet 
farming. Dleral, and far mon 
destructive than terrace cultiva 


On; slash-and-burn planting 





riggers rapid erosion of topes 
from the molintainsitles — pc 
Claliy here, where rainfall ex 
ceeds 160 inches a year 

45 the forests fall, Nepal's 
wilclite 


etiller habrtiat 


WUeEEA mio eve! 
like the Barun 
River Vailey-south PL iba 
Ewen there, rare and threatened 
Gren bee 


; 
a in “| 2 ' t ' ba a 1s 
his Villager with @ muzzle 


spectes are nol sate, js 


withing firearm illegally hunt 
WIE In Dnty 
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iFE RAFT for Nepal's endangered 
mecies, Sacarmatha Nutional 
Pork DOES OItE is other probe 


lems, has proven an outstand 





(ni SCCess 74 an Animal 
conservatory. Within its sheltered envi- 
rons many creatures, like the musk deer 
and the Himalayan tabr (above), are ac 
tually on the increase, About the size ol 
an American mountain goat, the sure- 
footed tahr negotiates the cragey cliffs 
[(mght) of the parks wild valleys with 
similar ease 

In perilous decline outsrdec the park, 
Nepal's mational bird, the impevan 
pheasant (lef), not only a popular 
came bit bul also A pest to farmers, 
whose fields it ravages with its powerful 
Deak. Jn tite park 1 wild cries resound 
through great stands of rhododendron 
trees, the blossoms of which (top left) are 
Nepal's national flower 

Key bo survival for the entire ecosvs- 
tem, the forests of the majestic Himalaya 


must be Preservs ‘cl 0 





50) National Georraihic, November T0a8 











By BRADFORD WASHBURN 


HE BENGAL! chiel itt offices in January 1946, | By the time of nv retirement 
computer rushed inte ran inte one of my heroes from in 1980, remarkable improve 
the office of Sit Harvard davs—the aviator and ments hid been mide in cium 
Andrew Waugh, photographer Cap Albert W eras, lenses; film, and aircraft 
Survevor reheral Stevens. He wes working on his N= | looked around to see what a 
QE Sd he exclaims] account of the ficht of the bal- Tl-yewt-olel cartographer with 
“T hove discovered the highest loon forplorer ff, which hoc heen interest in mountains could 
moun In In the world!” reached the record altibucte of Ho, ] remembered that long-ago 
This famous story may be 12,4495 feet two months: before conversation with Steve, The 


Boor phil, tat Ue excitement 
Wes fenuine. The vear was 
1852, and the great mountain's 
cICVAtION, Mensurer) from 2x 
different survey stations across 
northern Indies, bad been ¢aleu: 
lated as 79,002 feet —only J6 
feet lower Ua the fire 
accepted today 

The British named it for 
Waughs predeccteor a4 survey- 
or general, Sir Gieorge Fowerest 
The Nepalese call the peak So 
garmatha; Tibetans know it as 
Chomolungma (Qomolangmal 

My own inkerest in Ewerest 
bogan nearly 70 yeare apo in 
Miss Florence Leatherbee’: 


hitth-fracde ceography class at 





Buckingham School in Cn. Steve had given me omy first Deft hand of an urtist 
briige, Massachusetts. Every [St PUCtON in aerial mapping cirbrushes relief onto the most 
bid in Miss Leatherhee’s class OM be fave ie an idea that accurate and detailed aerial 
wished that he or she could see becwme @ lifelong cream —the survey of Mount Everest ever 
yerest and climb it mapping of Mount Everest from ccomplished. ‘The earliest 
Later, in 1945, 1 led an expe- the air The British bad flown maps, compiled in 1921, relied 
dition to the Wuleen for thee over Everest in 1933, but thes on the work of British surveyors 
National Geographic Society, hod barely cleared the summit Henry Morshead (above, at 
and, While preparing my report steve wanted to fly around snd right) and Oliver Wheeler. 


“They were among the giants 
on whose shoulders we stood, 
says author Washburn. 


HEADPORD WasSHnURN, AVvelrran 
TMOUnTINeEr and cartographer ta 
wet director of Baston's Museuni With characteristic enthusiasm 


inv above Everest. “It's a 
terrific project,” he told me 


BF 


of Science fram 1949 te JR [never forgot his words 


Phe Honainya;: Mount Everrsi O53 








The view from 40,000 feet 
Qhoord a Learpet wos 
“utterly hazeless, like the 
surface of the moun,” sitd 
aerial photographer Kurt 
Keller (above), Pie comer 
viewfinder ceroes in on Bver- 
est (left). Project leader 
Washburn (below, at far feft) 
scruftinizes the new map with 
ateam of Swiss surveying 
experis in Berne, 








Mapping Everest 


he most recent survey of the 
high Himalaya, a project be 
fun in 1984 under the aege 
| Beston's Museum of Sei- 
ence and the National oocgrap hii 
Society, Mapped 380 square miles ol 
the Everest region. The resulting ten 
large-scale (1: 10,000) maps became 
bluenrints for the shaded-relief may 
n this tsaue's supplement 
ltall began with the Great Trig 
nonmetihic i| SLUT VEY OF Incin In thi 
late A408 Hritieh survevors took the 
onolite sightings of Himalavan peaks 
from six geodetic stathiens along a in- 
angulation chain in northern India 
diigram, nent, at bottam). In la42 
the position and elevation of 
Peak XV. as Everest was then 
KimMwho, Were determined. It took 
until (954, however, to establish 
today's decepted hemht for Ever- 
funy 7 ‘8 fe er iS S49 puirters 
Both this figure ond the peak = po 
Shon were crucial te the wew sur 
vey, Which used Everest as the main 
PTOUnC-control, or reference, poimit 
Crucial tog were British, Austrian, 
and Chinese topographic maps made 
between 19271 and 1975 by standard 
eround surveving methods and iow 
dhtude acrial pholeerapin 
Stercophotography from spice 
added anew element. On December 
2, 1983, the snare shuttle Cotumota 
missed over Feverest at-an altitude al 
56 mites, A high-resolution West 
(rerinan Serial-survey Camerd mde 
many overtapping infrared imaces, 
each covering 13,380) square miles 


photogrammetry center 


At aw hss 
the locations of peaks and other 
poms on the Ruropean ancl Chinese 
maps were compared with corre- 
ponding features on the stereo 
photlograohs. A computer idientitied 
map errors and enabled the seléchion 
of a hundred new ground-contral 
points used to anchor 160 overlap 
ning vertical aerials taken on 
December 20, 1984, from a Leariet 
ving mt 440,000 feet lhe prctures re 
Veal-a clarity and richness af detail 
home out on the MA Crtan a fram 
them —far beyond the vision of the 


SUrthbouned 1Yih-century surveyors 














"SPACE SHUTTLE 
COLUMBIA 
1983 











Portrait of Everest (le/t), ane of 
160 negatives taken from the 
jet, shows the mountain from 
dead above. [na two-year pro- 
tess stereo pichures were com- 
verted into a conventional 
contour map (below), The base 
mips are so detoiled they depict 
I2-foot boulders and so acct. 
rate nothing is more than 





40 feet out of ploce, Using soft- 
wire developed by the Cred- 
Spectra Corporation, the steres- 
photographs were digitized 

Gnd converted into three- 
dimensional data. A computer 
con tiltor turn the data ta 

mithe amazingly realistic 
images, such ag the view (bop) 
of the nortinvest side. 


The Himalaya: Mount Everest 


dream was still yery much alive 

With the help of Bob Hates, 
former director of the Peace 
Loorps in Nepal and my frend ot 
many years, Daqueht permission 
from both Nepal and China to 
fly over Everest with the very 
latest equipment. Our goak to 
nap 400 square miles of some of 
the world’s most rugged moun 
tain wilderness 

In the fall of 1981 the King of 
Nenalopenedc the door to our 
project. His Director General of 
Survey, Arun Basnyvat, boliel us 
thatif-we could secure Chinese 
permission, Sepoal would aleo 
Gprec to our plan. We visited 
China, and when we returned, 
we carried with us a treasure 
thatno one had ever brought 
out of (hina before—permission 
to map Everest from the air 

By midsummer 1984 ever 
detnil of our plan wae complet- 
ed. Boston's Museum of Science 
lonned us half the cost of the 
photographic flucht, and our old 
inendé at National (seographic 
matched this pled 

To make an sccurate map, 
We necdind nat onty cloudless 
weather but also a mountain- 
scape that was free of loose 
chow, We knew that we coulel 
count on sub-vero poles general- 
ed by the jet stream to sweep the 
monsoon snow off Ewerest by 
early December; alter that we 
could depend on two months of 
almost constant clear skies 


OOM AFTER we arrived in 
Nepal, my wife, Harbara, 
beta Lo run a iieh fewer 





li wouldn't go away. The 
excellent American and Nepa 
lese doctors fittending her coud 
het diagnose whl was wrong 
On November ?4 Barbara anal | 
few to Bangkok, where there 
were better laboratory taciitres 
There we were told that Barba- 
rao was dving of cancer. If she 
wasn't own home at once, she 
would be too weak bo move 
Frantically, I phoned Barry 





Bishop at the National Geo 
graphic and asked him to take 
my Dace 05 leader of the team 
see page 624). Werner Altherr, 
an expert pilot who was vice 
president of Switsaur Phiito 4 
Surveys af Atirich, was dked to 
direct the aerial photography 

Atsix o clock on & Sunday 
morming Werner met Barbara 
Hn ne in a snowstorm al Au 
rich airport with the news thal 
he biel been cleared by Swissair 
Phate to take « Learjet to Kuath 
mandy and meet Barry, ready 
to ly over Everest with camera, 
photographer, and lab man 

Twelve hours Inter Barbara 
was safely in Massachusetts 
General Hospital in Boston 
Diectors there determined that, 
though desperately ill, she had 
not cancer but a rare biood 
disease —and that they d caught 
it yust in time. 

On Wednesday the Learjet 
wis flown to “Aurich, where our 
big mapping Camera was in 
stalled and tested at-40,000 feet 
over the Alps, By Saturclay Gar- 
ry was Safely in Kathmandu, 
and on Sunday the jet landed 
there with Werner ane fire crew, 

(hn Thursday a 
December 20, vt 


took this a rb EARAECH 

i a ' él 
Le ail | ast . iret PROTECT 
and a half hours <LP PORTED 


to make the map IN PART 

ping photos. An- YY YOUR 
other three hours 
saw the Tim de 
veloped, fimer| 
Washed, anc dried Werner and 
Barry pronounced it perfect. It 
all Seemed ao very fast, so ver 


MME YS 





easy af the end of so many years 
of dreaming, hoping, planning 
On Christmas morning Bar 
bara and | were awakened by o 
ringing tclep (was Wor- 
ner, “lve just arrived at Au 
rich. biimy briefcase are 160 





ita 


porecous nogatives of Everest 
This news and mv love ore a 
(christmas present to you both 


from the team in Kathmands! 








APMARIANG Irom 44cm 
il photographs can 


1, Le lcd VL pe ro results 





but Of involves a lot 
My Sop tistic ated Tm in Le ae DErtic 
ularly if vo | Want tir Trike A 


map thats the bést- map ol its 
sort ey 


at 
hilhe ch 


al pictures 


er published. Even small 
tort the accuracy of oer 
and the Everest aren 
4 The Toughest country on earth 
After the flucht our focus 

turned from Nepal to NASA 

LO MaKe an aecurate map from 
our photographs, we needed re 
thet “ Srned 


e | 
ontro 1 et 


wiork of p Wns On The Pround 
clearly identifiable in the pik 

: positions 2nd ele 
BONS are acturately) know 
hese are 86 important te thi 
: T, 1 , i 
map as o high-quality steel 

1a Me DULCE 


framework ti 


Fr 
Lh @ ed be am hp erty 
1 J Sa Tt it 


L983, the U.S. space shuttle Co- 
ae mba hic flow ry right ye! E in 
crest at ap altitude of 156 miles 
With & West German mapoing 
camera aboard. The infrared 
pictures were crvstal clear. huis 
framework was or pele 

i Viet a TI afl SLIT a ci] rit i 
peneruus grant from the Nation 
iu Greographic Society, waruld 
no depend heavily on the eli 
pent work of the creat cartocra- 
fothe past. At the 


department of rese 


piers 
arcn photo 

frammetry (aerial surveying) al 
. famous Technical In 
Armin (sruk 
Roe Our « Pies ol Line dibel rit 


mh, Loiunese, anc Austrian mane 


* n 
Pan | | ; 
= a = 


— 
— 


stitute, Profession 


and put them through an es 


DAUStIve OM Der es aluation 


fo plumb Aimalavan 
heigiits, space shuttle photo- 
fraps were weed to ewoluote 
the accuracy of corlier maps. 
Becouse clouds obscured 
part of the range in this 1584 
image mate from Challenger 
us it passed over Everest, the 
mopping team relied on pho- 
torrap/is fram the [98a 
Columbia flight. 


Proer Th, COTMDhaAMne chet ful: 
WIth the ap heb Te 

Phe Cert 
| thy to the 3 ye 


rhe , Swipes [ 
[ . | an Poe |} 


Photo, half a mile away in Au- 
nich. [here fob Rosenstihl and 
his assistant, Yoshizumi Shio 

Fe, Wesel 


ur new large-scale 


Leariet photorranhs. fitted pre- 
ely io (sruen s contra, t 
nike a hbeautitul contour my 


, 
Chis tras 
i 


two veurs of the mrs 


OPT ALON Peg ured 
intricate 
painstaking inboratory wor 
it the Swiss Fecls 


lopogranhy in Berne, a teat 


fal Lidice ol 


ot mitted cartocranher tnecriheri 
the mynad details of Everest 
Clits and glacters onto the fina 
manuscnpt map wit! te-of 


+] f-STE pie PS brit ana : 


| | 
toe | Eh eral 


mirbrusiivect 
ora k Se eee ae : 
Pye Let Tnsned Wii 
dimensional anpoearance. Fingl 
| Lele = /* thos 7 
Of work were fitted meticuloweh 


. 


arinting plate 


(ovether ont tha 
that went ateid to National 
itt ography NERO UArLeTS 
tuches of the 


Where exhatienve 


Hlace-names in the area bad 
been gon on for tien yemrs i 
CODETAHON WIth experts from 
both Nepal and Ching Some 
Hothe peak< and elacers h 
heen named in as 
LIN uaees 
Che parhicipants in 

Cal PTO) represen ti d mine 
ditterent nations: the United 


tates, Switterland, Nepal, the 


People’s Republic of China 
Coreat Britain, West Germany 
[Weden, YURosIVia, afc fa 
pan. Druly this wit a propedct 
of peoole, each pan expert im his 
own field, working in concert 
nel respect 

45 Aristotle wrote, “Each 
one of us acds a hithe to ow 
understanding of Nature, and 
Irom all the fects assembled 


ATises A Certain Grandeur [| 


| NAME 15 Mian} 
Lad. Like this 


father ares loTre- 





fathers in central Nepal, he is 
Bomaster honey hunter. With 
only acornd around his wis 
to secure him, be dangles 
over a 120-meter (3%5-foot) 
cliff on a rope lacecer to hae 
Vest the sweet reasure of 
Apr iaporzoia, the world's 
Lervest honey bee 

Thousands of angry bees 
fill the air az he plunges a 
DAM DOO Pole Db LAL Mest 
Yet the only extra protection 
he Wears 4 a loose ape 
draped over his head and u 
nar of army pants given to 
him by @ COUSIN Serving in a 
(istrkha regiment 

Wiekhine tis potes ike 
rant chonsticks, he carves 
thick slahs of honeycomb mto 
a bamboo basket ined with 
the skin ofa wild goat. When 
full, the basket will be lowered 
to companions at the base 
of the clitt 

The sound of the tiuant 
bees is terniving, but Mani 
Lal's movements are swift 
and calm. He has done 
this many times: He 64 
years old 
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Ww THE FIRET DAY othe 
three-week honey 
hunt, Mant Lal's 
younger brother, 


Sst? Lal, poime fin 





carrying their crandfather’s per- 


ussion musket (left), On dave 


consiiered inauspicious for hunt- 


Ing honey, Sri Lad plans to go 
after bear or other game, such as 
[his wild goat shot by fellow 
Villager Bim Bahadur (right) 

OOF all 


Willace 


thet hunters on thei 
my Oe Te i 
Lal's band may hunt hones 
arch inherited this rishi from 
his father, who taught him his 
particular skills. Men Bahadur, 
the strongest of the group, car. 
res the 50)-meter bamboo-fiber 
ider (below), “Like the man) 
fibers of our rope, our hanes ar 


Mani Lal 


! = — har = = 
locking his fingers Porether 
J ia 


Loe Tf 


ne “i ha 


i VW he re one 


Wet CaN CT Ue 


Pould net travel 





Tava i dt ntery of Veperl 


here 


| 
ire TH) Toa In These 


foothills of the Himalaya, thi 


and ot Mian Lal's people, the 
lauring 
have worn puth= through emer 
Md Hers Ol YOURE Corn and vil 
Lares nestle 


mae 


i 
ua 


Decades of porter 


Wioeet of ihe 


in ae hie we 2, 


I ‘Te 





been cleared. Only the steepest 
SLopes are stall wooded As the 
trees have dwindled, 46 have the 
‘fy eranciather took 60% 
says. Minti Lal 


lees 
Tests 2 Veer, | 
’ Last year we took 30 
As the group's leacer, Mani 
Lal decides the appropriate time 
when éach honey campaign be- 
Fins and ends —one in the spring, 
he fudes his 


hunters alone invisible wxrael- 


another in the fall 


land tras and directs cach of 
theirtasks. He alone speaks 
with the gods. He alone 
descenels the lacider 

E ales 


une families, Mani Lal inherited 


ther sans of ree Lr 


hoo Htthe lah te support homer] 

by farming, But he never wanted 
that life anyway, “Since my child- 
hod | 
if the forest to mixing clung 


"a 


sm | DACOMne @ hunter, a man of 


ve preferred running 
with the carth, fhe sav5 


i Par - ra a 
he forest He my ancestors 























LPURE HE STARTS 
1 down the lacider, 
Mant Lal takes o 
small pouch af rice 

| from kis waistbancl 
As he sprinkles grains in the arr, 
he recites the different names of 
Phola, god of the forest. “T must 
not cut the comb when the pod 
isnot pleased," he says. “T 
must Biways pray first” 

The Gurungs practice @ mix- 
ture ol Ainduism, Huelcthtsm, 
and animism. That morning 
Mini Lal had sacrificed a chick 
en te Pholo, searching for. onmrens 
int the animal's lungs 

Mant Lal's father, Harta 
taueht him the sacred mantras. 
SUC Harta’s belie! had not been 
Ashe descended the lad 
der one day, the bees attacked 
him bY the thousanls, and he 
Ae ciel 
not make the offerings with a 
good heart,” Mini Lal explains 

SOW Win Lal tures fis 
allention inwartl. Ais eves, 
normally alert to the slightest 
Movement, lose their sharpness 
Without a word, he starts dawn 
the swaving ladder like a spider 
on & frail strand of web. The 


SLron ke 


wae blinded by # sting 


lightest error of judgement 
would mean death (left) 
Mint Lal stops beneath an 








overhang to face a test nearly is 
large a5 he te [ts surface ripples 
with a thick, black laver of bees. 
Two of the honey liunters, 
Krishna and Akam (above), 
have climbed a third of the way 
up the cliff to secure the ladder 
Cilinging to the rock, they pull 
the rope against the chff to bring 
Mani Lal closer to the comb. 
Meanwhile a fire has been set 
at the base of the clitf te dison- 
ent the bees with smoke and 
ATiCOUPrRLEe them to leave the 
nest. But the wind ts blowing the 
AmOoke away. Lresturing toward 
the top of the ctiff, Mani Lal 
Within min- 
utet 4 flaming bundle of leaves 
is lowered, and Mani Lal pushes 
itunder the bees witha bamboo 
pile. Now tainic puns over the 


aues & silent order 


hiving surface of the nest as the 
bores furiousty depart in the 
smoke. Nothing distracts Nani 
Lal however, The golden comb 
has been tive 


A husband and wife team, Eaic 
VALLi and DIANE SUMMERS live 
in Rathmancdy, Nepal Theis 
hook on the honey hunters will be 
published this month by Harry ts 
Ahram in New York. hv Thames 
& Hutizon in London, ane i 
Nathan in Paris 


0 CAPTURE Mam La 
on film, Eric rappeis 
down the precipice 
the first tine 
a Weeterer has ever joined the 
hunter in his dangerous spat 
The rock’: name, Samser Bhir 
means “clit of 300 nests, 
recalling a time when combs 
were far more numerous 
Bees surround Mani Lal as he 
bering to harvest the fruit ol 
their labor. The mest has tu 
the honeycomb, attached 
to the chill, and the brood comb, 
the lower crescent With pupae, 
pag: and larvae. He uses o pole 
to push two short sticks inte the 
brood toml Phe sticks are ted 
fo & ¢ orc dropped from the cliff 
top, When the brood com i 
free, i. swines toward him 
knockine against his ladder, Hut 
Moni Lal holds on tightly, and 
the comb, a valusble source of 
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Tr, 8 lowered to the prowund 


Honey-hunting methods have 


changed ttc over the oenturnes 
A CAVE Painting near Valencia, 
Spain about 10,000 wears ole. 
shows a hunter on @ ladder held 
ing a bucket or basket beside a 
. 


t 
bee mest. Similar scenes have 


i b i | 
been found im Alnea and boca 











T 3 RAINING honey,” 
shout Villagers gathered 
a ihe baste of the chff 
Paces upturned, they 
thrust out pots and pans 
to catch the sticky liquid as if 
rums [réely from the comb, 
These eager bystanders do not 
belong to Mani Lal's groun, but 
they are welcome at the cliff 
nevertheless because they have 
helped 'in the past to pay the 
FoOVermment § anniial tax on 
honey hunting. When income 
from a harvest1 slim, the hunt: 
ers collect the equivalent of six 
cents fram many villagers 
These persons then have the 
night to o taste of honey at the 
next harvest 
By the time Mani Lal 
Hnishes filling the first basket, 
t's brimming with 15 liters of 
honeycomb. As it reaches the 
ground, Villagers swoop upon it 
dipping tn bowls and breaking 
off small chunk« of comb to 
chew. [tia honey feast 
Liter Mam Lal examines the 
color of the honey and pours-a 
mall amount into the palm of 
his banc to see of it timeles, Tf it 
does, it may not be safe to cat, 


for the bees are known to visil 


plants that proiuce toxic sub 


lances. Occasionally a villager 
comumes the honey before it is 
tested and collapses on the wav 
home, unable to walk for hours, 
suffering from cold sweats, 
YOMmItNg, am iopaired vition 

With only canes toshield 
them, the honey hunters take 
their share of punishment from 
the bees. Plucking stingers from 
his arms with @ paur of tweezers 
Inter that evening, Moni Lal 
ingens at the swollen faces of 
Akan, Amuarjane, and Men 
Bahadur (above right, 

“Tam old; my flesh is dry and 
ho longer swells,” he says. * Hil 
the flesh of young men ts sof 
and blows UD Wit nh the bites of 


the betes.” 
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Back home on his veranda 


Vinni Lal chats with his wie, hare. 
is he heats bees 

the fire. Once it has 
he pours tt through a 
bamboo strainer inte a snial| 
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Phe hunters keep a small por Walk and bus trip trom Mant To them, Mani Lals skills hala 
tion of the honey for their own Lal's village. The honey hunter no interest 


families. Most of it they trace has not visited Nepal's capita “T'm old. My eves no longer 


lor milk or grain or perhaps a for 15 vears, Coty lite doesn’! ce well, he save, "Now that | 


dav swork. In the past, Mani appeal to hit. “We are people know everything about how to 

Lal has given a neighbor three of the jungle,” be explains cut the honey, [ want to pass my 
of honey (1:5 liters) to “Wien We hunt, our Bed is teachings on tomy sons. Kut 

held wilh oaen mace of leaves, our shelter is none wants to be a hunter. They 

wax they give to Bal Be- our cape, our food 1 the fruit of prefer to stay in the village.” 

hadurto take to Kathmandu the forest. We are hoppy if we Dhis Vian Lal has deciced 
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By JERE VAN DYK 


Photographs by 
RAGHUBIR SINGH 


and 


GALEN ROWELI! 


One of the world's ereat 
rivers, the Brahmaputra 
he Pins as a al cial tickle im 
western [bet and sweeps 
| S00 miles to the Indian 
Ocean at the Bay of Bengal. 
Hrahmaputra means “sin 
of Brahma,” the Hindu god 
Of creation. Like a Hindu 


deudy (he river has man 


SVALATS. OTF IncamMmawons. 
Changing ith name and 
nature with the myriad 
cultures and landscapes of 
China, India, and Bangla 
cesn. AS the Siang, if 
chums beneath a web ol 
cane and wire built by a 
mountain tribe just south 
cv thi lispute cli hinese 


Inchan teorder. [his rezion 


WHs Among the last « A phored 
[Tl H CETTE WITTE iOTnke Quicst 

nystery of the 
Ad iT aputy: & OOWSe. 
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Wo one is known to have 





of the Brahmaputra 
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pptared ahead of ws, and 
then the road became a track. 

We had begun weeks before in Kathmandu, 
where I mel photographer Galen Rowell and 
‘Tec Worcester, a Tibetan-speaking American 
who wile be our guide. We made final prepa- 
rations bo depart, purchasing gear and food, 
when Word came from Lace ihatour trip was 
canceled. We decided to try anyway. With our 
crew Of three, Pema, Gompo, and Tareve, 
Tibetans who had fled to Nepal, we mace our 


Lone Jouniey af lie Arahntapulra 


SIMPLY CALLED “river,” the “angha, 
Tsangpe in Tibetan, passes the ruinn of a 
Ssudahist monastery of Phuntaogl ing 
Monks, nurs, cre villagers were forced to 
destrov the monastery after Tibet's failed 
revert aanimat Chun in 1958, Cine of the 
Zonghe 's few bridges crosses here, next to 


the remains of a [4th-cenfury iror suspen 


sion apon #rect\d by Thangtongs Gyalpo, o 


holy mic whe tuill bridges to aid pilgrims. 
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Witty to 2.2-mile-high Lhasa, where we beard 
new reports of fighting between (hina and 
Indian dn the Tibetan border 

‘You cannot travel bevond Zetang," said 
Mr. Chen, a soft-spoken officer inthe Chinese 
Army. We could not go near the gorges ot the 
eastern edge of the Himalaya, throug h which 
the Aangbo crashes down mto India. 

“The army controls the border,” sand Mr 
Chen, “and permission to travel near it, which 
must come fram Beijing, has been dened, You 
tan, however, 7o west to Mount Kailas.” He 
drew on a cigarette and coughed. “Ido not like 
this thin mountain wir. he saad, smiling. We 
cid not mention our destination, the source of 
the AGRO, and Were spear for the perinits 
that he iseuerd us 

Chinese forces conguered Tibet in 1950 
There has been great friction ever since 
between the pragmatic Communists, who 
have come here to create a new World, ond the 
pious. Tibetan Buddhists, whose poal has heen 
to live in harmony-in the world as itis, There 
were many Chinese soldiers on the paved 
streets of Lhasa, scene of recent rioting 

ina few davs we secured Tibetan drivers 





nd mented overlanc vehicles find a trick Lio 





Tene Van Dyk, author of the book.J/ Afefanistan, 
grew up in the Paciiie Northwest and mow [ives in 
Waonhattan. RAGHEBIE Sint’: photographs thu 
trated curartiicle on india +t Kerala( May 1033), ana 
GALEN KOWELL & most rocent GEOGRAPHIC ie 
Sniment was to Pakistan ntn Nie Haaltrsitaun [i 


ae 1 7 
tober 1987). sometimes called Little Tibet 
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EGENDARY SOURCE of the Brohmapuire 


sacred Mount Kailas rises beyond clothing 


Lt 
Cieciried fy piitrimsé cleansed of their sis 
Phe W0-ntile trek aroun the miata 18 
one ofthe holiest devotions for borh Bud 
dhaste and Hindus. july snow af 13,600 feet 
adds fo the strugete on DotrLa, the 

UTE & heh i aL Tala fobo wi i 

£E he cnchenl legend ta close bo foct—the 
river ts born 60 nies ecuthedatof Raila in 
the Chemavungdune range. Its courre gla- 
celal stream ties at fet on tits photograph 
(tiow), (OORINE east ond downstream from 
a 20),600-foet wooed peak. Von Dyk ane 
Rowell believe fiey were the first ne uct 
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Long Journey of the Bra/mafutra 





A riverine 
odyssey 


"This river must needs have a very 
long course before it enters the 
Bengal Provinces, since 4) miles 
from: the sea it is twice as big as the 
Thames... . [There is] the strongest 
presumptive proof possible of the 
Sanpoo and Burrampooter being 


one and the same river.” 


Barisn Mas. JAMES RENNELL 
Surveyor General of Bengal, [788 
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OT USTH, EARLY in this 
| century yas it certain that 
S the Zangbo and the Hrah- 


maputra were one. More than two 
miles high for moat of its Tibetan 
course, the Zangbo picks up speed 
long with regional names Mice 
Tibetans live along the Varlung 
Zangbo and its tributuries from 
Nigase to Cetang, where Tibetan 
Buddhism developed in the late 
eighth century. The Zangbo 
nrigates this land kept dry by 
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the rain-blocking Himalaya. 

The river narrows at Pei into 
ranid-ffled gorge reaching depths 
af 10,000 fret-and drops a plie- 
nemernal 7 000 feet jn 150 miles. i 
China should proceed with plans 
for adam in the great bend, it 
would be the world's greotes! pen- 
erator of hydroelectric power 

Politics os much os geography 
has limited exploration and éx- 
Moitation of the nver, Chinaand 
[nclia contest their border China 





rejects the McMahon Line drawn 
between Tibet-aned Brotish [nelta 
in 1914. India and Bangladesh 
differ over control of the subconti- 
nent’s strongest river. Fortified by 
tributaries, the river broadens 
through India’s Assam valley, It 
enters Bangladech as the Jamuna 
ancl ends as the Meghna. Normally 
life-giving monsoon foods raged 
this September, drowning two- 
thirds of the country and leaving 
millions of people homeless 


National Geographic, Nevember 1988 


















One thousand people died when one ofthe 
rerio s frequent éorthiquitkes—centered a 
hondred miles southeast of Kathmandu 
(left)}—triggered slides and leweled f 
Wiloges iost August. Grinding <=. 
morthicred of about nen 
inches oc ptar, te Irele- 
Australian plate col- 
fides with the Kiunceian 
plate, Lifting the 
Himalave by perhaps 
halfion inch cnructly, 
Outnairig eric. 
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Long Journey of the Brafemaputra 


Flood Ravages Bangladesh 


Attthe mency of the mighty rivers that con- 
verge on their low-lying land, residents of 
Dhaka, the nation’s capital, seck-aid dur- 
ing this weror's devustating flood. Conse by 
torrential monsoon rains, the deluge was 
grecntly increased by munoff from deforested 
regions of Nepal and northern India—an 
(i omen for the fotore. 


carry extra supplies: a thousand gallons of 
fuel, dried mutton, and vegetables. 

On the second day out from Lhasa we came 
upon a truck stuck in a stream. “Where are 
you going?” Goampo asked the travelers, 

“To Nyalam. itis our home.” 

"How far is it?” 

They smiled, “Who knows?” 

One night we shared tea with three pilgrims 
The next night they were at our camp again, 
“They rode in the back of our truck,” Pema 
“They are going to Kailas. They will 
bring us good luck.” “We would gain merit, 
Pema explained, by protecting pilgrims. 

Qur goal, and my assignment, was to find 
the true source of the Zanghbo, where no West 
erner had been in more than ahuncred years. | 
was to follow the river from the Chemayung- 
dung Mountains, where it rises, 700 miles 
across Tibet down into India, where it 
becomes the Brahmaputra, and then through 
Bangindesh to the Bay of Bengal, 1,500 miles 
awry, where, ata maximum rate of 2.3 million 
cubic feet of water a second, it joins the sea. 

On the 16th day two women and four chil- 
diren appeared, gathering yak dune for the 
fire. Ted smiled, “They must havesneaked on 
at Paryang.” Pema came over. “This woman 
is from Amdo, Her husband died, ond she and 
her children and sister are going to Kailas. She 
waited 20 days in Paryang.” 

Beyond Gurla Mandhata, 25,355 feet, near 
the borders of ‘Tibet, Nepal, and India, there 
were more pilgrims, old women with heavy 
nacks, young men together, alwavs smiling, 
always trying to hitch a nde. We were now 
J0—six members of the expedition and 14 
pilorims—and had no more room. We reached 
Lake Manasarowar, at 14,950 feet, 54 miles 
around. Tt was turquoise and sparkled in the 
sun. From there we saw Mount Kailas, 22,028 
feet high, the center of the universe for Hin- 
dus, Buddhists, and Jains, and the Tibetans 
Clapped and shouted for joy 
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CCORDING TO ANCIENT BELIEF the 
Ganges descended from Mount Kai- 
lastoaspring called Chlimikthung- 
tal. From there four great rivers, 
the Brahmaputra, the Ganges, 

the Sutlej, anid the Indus, emerged in copper 
pipes through Lake Manasarowar and, after 
circling Mount Kailas and the lake seven 
times, look their courses east, south, west, and 
north acmss Aza 

Tamchok Khambab, “the river coming out 
of the horse's mouth,” spilled fram o glacier in 
the Chemavungdung Mountains. The water 
was cold, the sonds were composed of cat's 
eves and emeralds, and those who drank from 
the newborn stream became as strong as hors- 
es. This was the source we sought. 

“One walk around Kailas,” Tec explained, 
“washes away the sins of 4 life; 108 (an auspi- 
cious number to Tibetan Buddhists) and you 
achieve nirvana in this life.” 

At a lake below Dolma La, 








18: 100 feet on 


National Geographic, November IVR 





our altimeter, Targye and Gompo sought a 
new wision as they looked into the water, A 
large pile of clothes lay where pilgrims had cast 
off the old life and pricked their fingers to ched 
ole! bhooel, 

Qn the far side three Tibetans in their twen- 
lies, two men and a woman, sat by arock with 
their faces glowing. “We are from Litang, ancl 
we have run away from our Chinese school to 
become monks. She will become a nun. Our 
parents do not know where we are. We have 
neither papers nor money, but when we finish 
here, we want to go see the Dalai Lama in 
India.” 

They would take three weeks to prostrate 
themselvesaround the holy mountain, walk- 
Ing one step, raising their hands in prayer, 
lying down. on the grownd, their arms in front 
Their merit would be great; the Marxism vig- 
orously taught in school could not compete 
against the spiritual force of Buddhism that 
oOpéaled to their young and ardent souls 


Long Journey of the Bratmaputra 
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Near logqen we stopped at an aciobe com- 
pound, hoping to find a guide, The wind 
whipped our clothes and burned our faces, and 
we shivered in the hot sun, Inside we were 
introduced to a man with a deeply lined face 
His ers were pierced, A knife and 2 flint for 
making fire hung from his belt 

“Do you know the Chemayunedung?” 

“T was born there,” he said. 

“Would you show us where itis?” 

He looked us over slowly." Yes.” 

His name was Tstwang Norbu, but we 
would call him Abu, which means “ big broth- 
er” in his Horpa dialect. He was a nomad, or 
drokpa, with 50 yaks, 300sheep, and 6 horses. 
“My wife and sons-are up in the hills,” be said, 
“but [came to build a house," 

“A homer” 

“Wo, @ place to store barley and wool. | 
could not ive in a house, [t is better to be 
with animals in the open.” Pema noclced! in 
agreement. 
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“Where we are going, there is much snow 
and ice,” said Abu. “It is where we used to 
hunt dreng in the summer.” 

*Drongs, the famous wild yaks, Few West- 
erners have ever seen them,” said Ted. 

We traveled across prairies, streams, val- 
leys; ridges, Abu pointed the way. We passed a 
little girl watching a thousand sheep. Animals 
stretched out foramile, Abu pointed to a tent, 
“Wiy sister lives there." They touched heads 
in familiar greeting, anc she invited win. The 
vok-butter tea was hot and made the cold go 
away. Her name was Sonam Zangmo; she 
poured yak cow's yogurt from a sheep belly, 
and we gulped itdown. It was thick and sweet 
and the best I had ever eaten. 

“We came down through the Mayurn La. 
Later this summer we'll move the animals 
acrosé the Yarlung Zangbo,” she said. 

We continued on and came to o mile-long 
lake with white-capped waves two feet high. 
*Tt must be TFamulung Lake,” (salen said 
“This must be the Angsi River.” We had our 
maps spread out. No one was certain. Abu 
pointed south. The vehicles could not go 
any farther. 


ZAVYING WE WOULD RETURN in tour 
days, but not certain we would be 
able to do so, Targye, Abu, Galen, 
and I started walking south, The ye- 
hicles turned and disappeared over a 
ridge. We came to a stream and waded in 
above our knees, We reached another wider 
Stream and believed it was the Angsi. We 
walked south-southwest into the wind. 

We camped in a hollow by a lake, and Tar- 
zye mude hot mutton.soup, On the far ridge a 
herd of kiangs moved in single file toward the 
lake. A burst of wind, and they were gone 

The next morning we crossed soft tuncira. 
Water flowed beneath thin ice that cracked as 
the sun grew warm. We reached a glacier val- 
ley floor a mile wide. The Zangbo flowed by in 
front of us, bright emerald green, The legend 
was truce. It was silent here, with no people, no 
birds, no trails. 

“We are here,” said Abu, resting his puck 
against. a rock, The beginning is up there,” 

We made camp an hour's hike farther up, 
and with six hours of sunlight left, kept going. 
Galen consulted a guidebook written for pil- 
gims by Swami Pranavananda in 1949. 
“There should be a chorten, a shrine of haly 
relics, a place of offering. ‘The swami saw it in 
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1937. From there it is not far to the squrce.” 

“| do not know this chorten,” said Abu. 

An hour passed, “There it is,” Galen cried, 
We approached a solitary gray monument 
with tattered praver flags and Buddha feu- 
rinés inside, and twostones deeply indented in 
the center. These were the Buddha's foot- 
prints, to show us the way. We came to a gully; 
the Zangbo now flowed under ice. 

“Look, look—drongs!" Galen cried, Wild 
yaks at the source. There were 20 of them, like 
a line of poetry agaimst the mountams, A few 
newborn, They stood still for a moment, then 
ran back up onto an ice luke: Galen grabbed 
his camera. “Wait here,” he said. 

An hour passed, Targye drew a mandala in 
the sand. We curled up like dogs out of the 
wind and slept. In another hour Galen re- 
turned, “I chased them as far as the source," 

“The source?” 

“It's a ways up there, My altimeter said 
16,800 where the glacier began.” We walked 
back to:camp, and I climbed into my sleeping 
bag and fell asleep, 

The next morning I set outalone. We had all 
been together 24 hours a dav, and I welcomed 
the solitude. The only sound was the water 
rushing beneath the ice and the wind by my 
ears. Two jagged mountain ranges rose on 
either side. I walked up acrossan ice lake, and 
then a ravine, and onto another lake, half a 
mile across. The ice was four or five feet thick, 
except where the stream cut through. 

A crack a¢ loud as a cannon shattered the 
silence as a Chunk of ice broke: I followed the 
stream up another ravine and ontoa third lake 
where—I stopped dead —20 drongs watched 
from a hundred yards away. They were thin, 
each the size of a large cow, with thick, long, 
black hair and horns that came owt from the 
sides of their beacis and then turned up. They 
were bunched together anc stared at me with 
big dark eyes. In the north of Tibet, T had 
heard, these wild yaks can grow to be 6 feet 
high and 12 feet long. 1 walked slowly toward 
them and pondered Abu's warning: “A herd 
is safe, but asingle drong will attack.” 


CHURANING YARK-BUTTER TEA, a nomi mother 
of three ond her husband welcomed author 
Von Dyk and photagrapher Rowell to their 
tent near the niver’s scurce. Outside the 

wind blew at &0 miles an. hour, Four formities; 
camped af 16,500) feet, proce yolks, aheep, 

andl goats here during the summer. core soe 


National Geographic, November 1088 
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lgot within 75 yards, butthe animalsturned 
quickly and ran across the lake and, with the 
babies behind, bounded up a ridge. I crossed 
the lake, and at the far end there was a glacier, 
the source. A trickle flowed from the ice. As 
Galen had said, the altituce was 16,800 feet. 
Lnamed the ice on which I stood Drong Lake. 

Islowly climbed the glacter. The two jagged 
ridges continued back. They were, ] thought, 
the two ears of the horse, and the glacier wasits 
mouth. Faomchok means “celestial horse,” 
and Ahombab means “coming outefthe mouth 
of.” Thus, the Tamchok Khambab. 

1 was standing at the beginning of the river. 

On July 13, 1907, Sven Hedin, the great 
Swedish explorer, reached the Chemayung- 
dung but misidentified the Rubi and its feeder 
streams, six miles south, 0s the true source of 
the Brahmaputra. Though Hedin was certain 
he was the first to reach the source, it seems 
that im 1864 four British hunters, Edmund 
Smyth, Robert Drummond, Henry Hodgson, 
and Thomas Webber, got there first when they 
secretly crossed into Tibet while hunting “the 
rarest of all animals,” the wild vak. 

[climbed until [twice sank upto my waistin 
snow. The drongs were disappearing over the 
top of the ridge. The glacier continued, and 
another mountain range rose beyond it. The 
sun would set in a few hours: I looked once 
more at the drongs—the last baby had caught 
up with its mother—and started back down. 







E FOLLOWED the Zangbo 
downstream. A few days lat- 
er, Gompo directed us to a 4in- 
gle tent. A tall woman with a 
piece of straw in her mouth invit- 
edusin, [satonasheenskin next toa full legof 
yak. Refrigeration is not needed in this high 
dry climate. Gompo came in with his 80-vear- 
old uncle, who had been with his herds. The 
uncle picked up a hot piece of dung and hit his 
pipe. We have lived here-all our lives," he 
eaid, “sharing this land down to the river with 
other families. The Chinese leave us alone 
now.” Tears came, and Gompo put his hand 
on his umcle's knee. After many years 
of forced collectivism, Tibetans are for the 
moment free to graze their animals and trade, 
much as they have done for centuries. 

We reached Tracom, once a famous monas- 
tery, now atown with deep sandy streets, bro- 
ken bottles, and Chinese soldiers, [n 1365 the 
famous explorer-spy for the British Survey of 


Se 


India, Nain Singh Rawat, and his servant, 
Chhumbel, walked from here downstream 
disguised as pilgrims. Yes, they thought, may- 
be the Zangbo did flow into India. 

South of Tradom soldiers came across the 
river on acable ferry, saving: “We do not rec- 
ognize your vehicles.” They looked dubiously 
at our papers and told us to leave. 

At Kanjur we looked out on thousands of 
sheep, the Zangbo, the Himalava to the south. 
“At New Yeor’s,” Pema said, “we came here 
to watch horse racing and lama dancing and 
make offering tothe gods.” We stood on rub- 
ble that was once a monastery, In the Cultural 
Revolution, and ¢ven before, thousands of 
monasteries and temples in Tibet were razed, 
Only afew big religious monuments survived. 

As we descended into the widening valley, 
ving at a litte over 12,000 feet, the Zangbo 
also grew wider. The wind was warmer, and 
our water was not frozen in the morning. 

We stopped at-a nomad camp at a bend in 
the river. A woman named Pema Dobma had 
clear gray eves and sat straight as she spoke. 
“We have been here three months, but soon 
we will move downstream. [tis not like tt once 
was. There are too many people.” Tibet is 
nearly 500,000 square miles, more than twice 
the sizeof France; it has about two million peo- 
ple. Thad not seen anyone for miles. 

"My husband will return when the light 
reaches the pole,” Fema Dolma said, Through 
anopening the sun's rays would soon hit one of 
the tent’s poles. 

Lobsang, her husband, arrived as expected. 
He had a barrel chest-and squinted in the sun. 
“Wolves killed two of my horses last week,” 
he said. “A dremao broke into a storehouse, 
killed a little girl, and ate our meat.” 

Abu had mentioned a dremo. It was like a 
riant bear and stood up on two legs. He called 
it a veti—the Abominable Snowman. 

Ata ferry crossing beyond Lhasa, two Chi- 
nese fishermen and a Tibetan brought in their 
catch. “The Tibetan only helps them," Ted 
explained. “He does not fish. Water is sacred. 


YOUNG PILGRIMS af Sera Monastery priv 

to Shine, the lord of death. He can consign 
evildoers to hell or guide them to better 
rebirth. Also known as Yom, the gad here 
tramples the symbol of feshly passions that 
block enlightenment. Recently repainted, 
the figures testify to the resurgence of Bud 
dhtet dewatien in Tibet, cous ees 
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Fishing disturbs it, and it is wrong to kill 

lareve turned up his nose. “T don't like 
fish,” he said 

Che ferry wae o flat-bottomed skilf with a 
Chinese outboard motor. Here the Anngbo 
wos flat, sitent, and blue-creen. A bird, which 
Pema coiled achip-che, swam upstream with 
only its benk above water, Farcye took off his 
shirt and washed it in the river. Sucdenly a 
thick cloud of dust ¢pread down, the valley 
toward us. We covered our faces and pulled 
our hats low. Dust surrounded us. The moun 
tains disappeared, and water sprayed over the 
boat We hit a sandbar. The motor stopped 
and we drifted downstream. Finally it kicked 
in, dnd the storm passed 


E CAMPED in bh mendow and 






the next morning climbed to 
meditation caves averlooking 
the vallev. A teenage monk: lea 
ws down stone steps and into on 
aie and throuch to another, farther back 
Oureves adjusted, and we saw small statuesal 
Buddha and pictures of the Dalai Lama. A 
man chanted sofily. He wore a thick maroon 
coat and hwiel close-cut black hair. Later he 
came outside, “Four months ago I came 
bere,” te seal, thumbing his rosary, “Then 
are other monks and nunsaround we insolitan 
meditation, I will soon metlitate for three 
veors, three months, aod three days.’ 

The next day a squall came up, and we 
SLO pp dingecrove of willows, While the wate 
heated for yok-butter tea, four women came 
walking across the sand. [Chey wore thick 
black coats and wide-brimmed felt hats ancl 
cared wood-frame rucksacks, “Where ure 
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“We have been on a-mlenmare to the for 
Stes in Lhasa and Samyve, anc) We are return 
ru Pcie. tatd one. whose name was Tic 
vine. “Lian You Bie Usa rider 

She took out asix-inch kaife anc cut a Slice 
Of Hen Irom bore she be puted Drom Over 


nack. Her braided hair shone with vak butter 
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mals, the fields, ond the children, sald 
Pievyune. They bad gone a thousand mites 1 
two months ‘, truck went by he women 
watcher! tt. alt ‘AL bored with us. who wer 
poimge the wrong way. Chev put ther knives in 
their scabbards, bowls and teapot in then 
[Ni ie 2 avtaved foort-hy 

We reached Aetung. in 1a?4 Nain Sinegn 
Alen following the ARNebo, stopped here and 
returned to Indta. The river remained unex 
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to a World 
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go, but we are fine.” Would I like more tea? 
The nextmorting Gunnin Saikia, range offi 
cerfor Kaziranga, took astpof tea and unrolled 
hismap, “The Brahmaputra is of great benefit 
tous," he said. “[ts sediment creates rich soi 
lor elephant grass and new lands in the river 
that animals can use. We want to increase the 
park from 430 to 884 square kilometers.” 
This is the home of more than two-thirds 
of all one-horned rhinoeceroses in the world 
There were 366 in 1966; in 1984 there were 
L080, Raziranga was declareda wildlife sanc- 
tuary in 1950 and a national park in 1974 
Money was provided for park guards, and 
there is less poaching now. [he rhinos are 








watched closely, but about30 are killed illegal 
ly cach year 
Two hundred yards away the Rarbi tribe, 








whose land the park also wanted, lives near 
the jungle. Tarun Gogoi, who had become my 
ruicke, leaned aver 

“A tleer carried off a boy in front of fs 
house last month. Last week an elephant came 
out of the jungle and stood in the road. A man 
panicked and crashed his car into a tree. A 
tiger killed a dog in front of your hotel.” 

Wan has alwavs lived with the fear of wild 
beasts in northeast India, but as more immi 
grants from Bangladesh come into Assam and 
the population rises, there 15 fess room for man 
and animal alike, and more occurrences like 
Lhose Tarun (oogor described 

Dhansirimukh is a ferry lancing where the 


hreere WAS Warm ani gentle An elephant, 


with its mahouton top, lumbered downa dike 
Arian fished from a wooden dock. “The ather 
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ATO SOON RAINS from June to September 
ore tan triple the width of the Arahma 
Put in the populous Indion shite of As- 
mom. Bove of umdompened apirit play on a 
ferry GO brugorh, the river's first major 
pork Dowastrean near Siheapar (above) 
cibies anchor submerged wtre screens to 
rygrr erosion, Undencut bythe Arohmapy 
tras twisting current, riverbanks mity 
collpsr with Littl warning. 
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and the now wees Allecl with military convevs, 
bul the local people were good to me, and | 
arrivedin Dibrugarh after dark. 

This was the last major Indian town on the 
Brahmaputta. Burma lav 60 miles southeast 
Nomiacharwa Peng (25,446 feet) in Tibet was 
[50 miles north, Nearby, ata place called Sa 
diva, two Englishmen, Richard Wilcox and 
Philip Hurlton, set out in 1827 to explore thi 
upper regions of the “Burrumpooter.” In 
Arunachal Pradesh they ran into the warlike 
Adi and Mishmi tribes. They survived. Mast 
later travelers did not. In 19274 Capt. Francis 
Kingdon Ward, a botanist, and Lord Cawdor 
reached the Aangho forges, and that segment 
was finally explored by Europeans 

The river here was wide and bright unde 
eravish moonlight. A high dike separated it 
from the town 30 vards-awnay. There were 
rows of wooden country boats with candles 
flickering on the gunowales as men repaired 
their nets or ate quietly. A group of men sat 
talking on the erase, a bicyclist rode by, two 
men wilked slowly, deepinconversahon. Tha 
nirwre bot aml mugey, and there wine wind 
in this soothing place 

Razhir Ali, 26, lived ina house 20 fect from 


the rreeer lt doce not bother vu: His friend 


[sium Kn Spi Chil fl sunilower See and 





wated his hand, “he river there.” Bnd ol 


conversation 
They were Muslims, Ali, a taxt driver, 
would take me back to Kaziranga. His price 
was hich, but | had no choice. The police bat 
ricacdes were up. Ali turned on the tape deck to 
stay awake. A logging truck bore down on us 
and both drivers, in a game of chicken, 
swerved at the last second. We struck a cow, 
ind ALL hit the throttle. Cows, like certain riv- 
ers, are sacred to Hindus bul not to Niishms 
REACHED GUWAHATI the next might, 
hoping to finda hotel where | could sta, 
unneticed, PT found one on the river, but 
the clerk asked for my passport ane! 


then called the poiice 





He wore a tut 
ban, cl beard. ancl shiny bil ew kk hucecve : He hell 
my passport. “You are not supposed to be 
here? How did you comer” 

“Tl came from Kaziranga, where [ saw the 
ereat Indian one-homed rhino, a maenificent 
nimal. DT hired tas to come here. [ needed 
fi place to stay, and tomorow T fhy to Delhi.” 


He colled-henedquarters, butit was late and 


The policeman was a Sikh 


Lowe Jowrney of the B roe ene la 





olny? FARSI bie 


SHOULDERING RICE SHOOTS, the shaple of 
the Hrofeoouiro Volley, an Assamese 
fornter freods for his paddy. The allrvial 
Poll PTOGUCLS A Many a4 three rice crops. a 
wor (focting pore), Assam mars the farmn- 
ing seasons with bihus, festivals celebrated 


by bathing m the sacred Broahmaputra 


there was no answer. “ Your visa expired yer 
terday, but no one is in the office, and so you 
may stay today, but you must leave tomornny 
Lam sorry that we must be like this, but it ts 
difficult here right now.’ 

The next moming before I left, I visited a 
Between jageod cracks on the river's 
Clay tank, men in bomecloths sold spices, on- 
Farther on, three men 
bathed near a pile of rotting coconuts. A fish- 


market 
ions, Bnd sacklriuyt 


ing boat went by, and athin old man threw out 
anet. Adolphin, here calledase, rollec over. | 
wes told that they go up the Brahmaputra 
from the Bay of Benegal to Dibrugarh. 

Just downstream, at the holy shrine ol 
KRomakhya, there was a temple beside 0 green 
pond with schools of small fish anc getant 
turtles. A young priest in a pmkish red cloth 
draped over one shoulder slowly drank from i 
Another Brahman, with hair to 


his shoulders and a long black beard, joined 


Copper cup 


ft] 





ws. He wore three fo:—red, yellow, and 
blue-cray forehead marks—the last from the 
ashiot the incense hovering over us: 

“You have come to sec the 
asked the bearded one 

"Yes," [ ventured 

“Ts that the only reason’: 


tortomes? 


‘Thave come tolook. lam pot sure whyelse 
I might be here.” 

It was the opening be needed 

“All around vou God is here—in our hearts, 
in that cow, in those fishes, everywhere, We 
must, however, choose to see him.” 

His voice grew stronger, On one finger he 
wore acobra ring. Behind him three men with 
bare chests sat on the temple steps, smiling 
“Inside the teniple is astone. [tis not God. We 


donot worship the stone or sacrifice animals to 





Barn Heo nin fil 


BESTOWING A BLESSING with a touch of 
WEFALUON, 2 Driestat Manaeaye Perpte in 
Guwohat, Assom's copital, honors the 
Hindu preiddess Shokel, the cstence of femate 
onency. The sacred syllable "Om" deconne|s 
another Guwandatt temple on the Brat 
puto frigiit), clissifhed in Anu cosmoing 


os [rndia’s ony mate rriver 


italone, It isasy¥mbol of God.” | looked at the 


trees. the birds. acow beside 5, anor Wwingin 





le rass, Lhe Priests staring 
“We ore all brothers in tod,” said the 
Braiiran 


TY KURTIGRAM in Banelacdesh, near the 
Incian border, on the white tan 
beach, we found o boal with o mo 
tor. Shatiur Rahman, anengineer, 
and Abedul Fazal, my escort 
Rangiadesh Water Development 








i 


from the 
Board, and Akhtar Ahbmecl: from the Press I[n- 


farmation Department in Dhaka, mace a deal 
with the boatman to fo up near the harder 
despite reports of dacoits and smugglers, 

We moved out inte the channel. “Itis miles 


nross, Rahman said. “Two million cub 


feet of water a second are passing by; it could 
he 2.4 million in a few months. Since the 


Assam exarthquake in 1950, the sediment has 
clawed it down.” Fazal took his tea glass, 
dipped itinto the river, and drank 

“The water is at its lowest in February,’ 
eqicl Rahman. “When the snow in the Himala 
va starts to melt and the rainscome, it risesand 
ms atits coldest. [t is high in June and in Sep- 
tember, after the monsoon, * 

Cn an island near the mictdle of the river six 
newborn turtles stood, wondering whether to 
take the plunge. “They are a delicacy to Hin- 
ous.” Faval said, “tut not for us Mushims.” 

Theisland was flat ancsandy, Without trees 
or grass: A man named Rashid invited us into 
Heheld a hitth girl with big round 
eves and a ring through her nose. “IT sell bam 
boo, which I bring down the river from the 
border," Rashid explained, “but my life is 
waiting for ory submerged land, that of mv 
forefathers, to return. Soon the water will be 
up tomy wast.” 

We headed downstream 
Lone up 
orange over the sand and the tree line in the 


his home 


The wind had 
The sun was about to set, bright 


weal, The current was swift, but the wind was 
in mv face, The current carries a boal down- 
stremm, buta strong wind tan carry it up, 

At Siraivan}, Mohammad All, a 
VOLUN Ghilnecr in wire-rum glasses, stood ona 
“Our job 1s. to 


Haba 


concrete-block petty. He said, 
waive the town.” He pointed to small twisting 
currents in the water, “Erosion takes plac 
from the water up, which is characteristic of 
this river. [he strong undercurrent, twisting 
like acyclone, ents atthe soil, undercutting the 


National Geographic, November as 
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COAX COMES TO SHOVE: Moarhet-tutuinad 
Assamese villagers guide a water buffalo 
contacross on embankment ner the Bon 
giodesh border. A woman's uimbrelia sig- 
hols the herinning of the monsoon. When 
the Arohmoputru floods this road, tines 
“Phe river 
hoe a domain of tte own,” one mon told 


here more Lise | oe Toys 


be author, “ord we rit nespect it.” 





hank, [tis difficult to detect until, maybe, one 
day before it ives way 
next to single blocks of concrete, eight feet 
square, a thousand pounds cach 

Shantosh, 22, hac a mustache, curly black 
“Tl was a former, but 
iy howse wa 


“A group of men stood 


hair and rotting teeth 
one day when | came home, 5 
gone.” He joined his fellow workers. Eight 
men wrapped rope beneath the concrete slab, 
ran a pole beneath the rope, and lifted. Their 
bare feet shuffled along the shore as they sang 
“Push, push Mohammed/Lift, lift Habib/We 
can do it/We can do it Allah help ws/Alloh give 
us strength/Mohammed is his Prophet/Peace 
be unto him/Lift, lift, we can do it.” 

At Gaibandha, Mohenctra, a Hindu fisher 
man, stood next to his narrow boat. “Seven 
days avn We mace an MAE ot SHnny as, He 
lives in the water, and we Pray to him for a 
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good catch. Sometimes we make a beautiful 
mirlofclay, a Ganga Puja, and an image of fish 
on either side of her. We put itn our boats and 
oray to her. [fT succeed! in my fishing, I will 
make aleangca Puja.” 


HERE ARE NO BRITMCES across the 
river in Bangladesh, The ferry stop 
at Anicha, where the (ange 
and the Brahbmaputra meet, was 
jammed with tricks, people, and 
rows of wood huts. The ferry’ s born shrieked, 
and we ran through the dust to the ghat, or riv- 
er stabion. Uhe ferry was four decks high, 
made in Denmark in 

trucks on the lower deck and hundreds of peo- 
ple above sitting on plastic chairs and on the 
floor, There were soft drinks and foocdina Kel- 
winator freezer anc an upper-class deck ontop. 


Lo80. There were 40 


National Geographic, November Toes 


T realized | had taken asimilar ferry from Ger- 
many to Denmark years before 

As we crossed, the ship's master, Saleh Mo 
hammad, explained his job, “TI judge which 
way togo bythe color of the water. Thecdarker 
itis, the deeper. New ishinds appear and chan 
nels change. [ go where the river lets me.” 

The control room wae clean and modern, 
with the latest equipment. The service began 
in 1064. “TE started outas an apprentice,” said 
Mohammacr, “I have been doing this for 12 
vears, ‘The ferry makes cight to ten trips a 
day," he said 

Sacare 
of Dhaka, the capital af Baneclacesh, The wa- 
ter was thick with off. Hundrects of smadl craft 
pled the river, each with a boatman who pro 
pelled and steered with a single long oar. One 
carned alone woman whose white veil blew in 





lal, on A Side Stream, i§ the old port 





Lane Journey of the Bra/pmapulya 
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the wind, Others were stacked high with 
barrels of oil and coconuts, 

Everywhere there were men in long skirts, 
the descendants of ancient Arvans anc Arab, 
Turkizh, and Burmese traders. Lone boats 
with masts 30 feet high and giant square sails 
flowed majestically upstream. Nearby, chil 
dren bathed, men walked down pianks with 
wicker baskets of coconuts, melons, and 
6qjuash 





A muczzin called the faithful to praver 
There were a hundred men inside a small 


| 


mosque, ariel citsicle there Were len thousane 
more. A singing beggar with one leg rolied 
over and over, moving his bowl] with him 
Phree women fixed dinner in metal pots over a 
fire. The smell of mango, ciesel fumes, anc 
spices filled the aur 

In tin upstairs room of his home H.M 





Abbas. one of the country s water experts, 
wiped the moisture from his glasses. “If we 
could only dam this river but we have no 
Toney. Nearly 60 percent of our rice is pro- 
duced during the monsoon; the rest ofthe ime 
there is not cnough water.” 


We reached Chittagong, on the Bay of Gen- 


ral As we walked toward the water, Khaied 
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Belal, my guide, turmed. “Bangladesh has-at 
fectionate soil, It grahs you, holds you, ang 
lemiled, wary of what lay ahead 
It was bh miles to the firs) island, Sandwip 

We climbed into ome of the waiting boats 
The helmsmen shouted, and two Benizali owrs- 


ee 
Lebs wou Pat 


men pulled on thei oars. Bare chested, with 
COLLON Imes wrapped up around their waists, 


Vational Georvratiic, Nevemier [oes 





BERG hie 


they rose in the air; and their muscles glis- 
tened, A quarter mile out an old rusting traw!l- 
er, the Hatia, waited. “Thirty-years ago T left 
Sandwip for the first time,” Belal said. "It 
is the same.” The boat rocked slightly. The 
evcloné season had not begun. The tidal waves 
would come later. after the monsoon. 
Captain. Shamsul Huda had a long thin 


Lone Journey of the. Brafimaputra 





GOING AGAINST THE CURRENT, Bangladesh 
boatmen south of Chandpur corey bundles 
of jute upstream to Narayanpan), Near the 
end of ihe pourney, the rover loses its: name to 
the Ganges-Podima ond Meghna Rivers, but 
its waters dominate the Bangladesh delta 
svetem, the wiirid's largest 


beard ond a withered night hand. “More than 
60 percent of the seamen in Bangladesh once 
came from Sandwip. They worked under 
many fags, all over the world.” 

We were joined by a man named Moham- 
mec Islam. “lam going to Sandwip- and other 
islands to settle Land disputes. Lf the land clis- 
appears and then reappears, it belongs to the 
government, but former owners get prefer- 
ence if itis reallotted.” Ewery year the Brah- 
maputra shits its course and with the Ganges 
carries two billion tons of sediment to the sea, 
more than any other river svatenin the world. 

Rafiguilah Chowdhury was an administra- 
tor on Sandwip., “In 1872 this island was 425 
square miles,” he said. “Today it is 93 square 
miles.” He pointed to thatch houses « hundred 
yards back and ten feet above the water, 
“They probably will not be there in July,” 
Waves slapper hard at the bank beneath us, 
turning Sandwip into silt, 

[asked a man with a beard and a skullcap 
Why the boys around us were not in school. 

He shouted back, “Food first, school 
next.” He put his hands to his mouth, and his 
angry eves stared at me. A hundred people 
crowded around 

“Our people must lrve, and to live, they 
must fight the sea,” Chowdhury said. In No- 
vember 1970 2 tidal wave roared over Sand- 
wip, Killing an estimated 40,000 people. 
“When the waves come, the winds are 100 
milesan hour, the waves 20 feet high, and they 
often comeat night,” Belal said, 

Night came, The black sky was filled) with 
while stars, crickets, quiet vorces, Palm trees 
rustled in the breeze 

Two days later the water fell over us, and 
the trawler shuddered agpuinst high waves: 
Wear shore the Bengali boatmen, chanting as 
they rowed, brought loads of passengers, van 
hing between five-foot waves as they came, 
People frantically climbed aboard while oth- 
ers jumped down inte the boats. The boatmen 
lifted the babies by one arm and passed them 
high abowe the water to men on board. Others 
bailed water, everyone shouted. A boat filled, 
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woters holvw. Yet ce an ever chonwinl cred 
net cheshraver, brie river snopes fie sou 
: i 
| i! LJ Crh rt 


‘ante atk Ce Pee pele Aa his ." are 


. L : Mais 1 ; m 
inother hot cv Hahiec Were Passi cl 


IVETOUARC, Peep must a, the scream CHnin- 
ged. Liumbed on. The fbelmeaman stood in the 
wind and called out to Allah. The people 
oraverd in unieon, and we rode the wave 

turning, falling, gliding. On shore again I sat 


| : a5 7 k 1 : ree 
in the sancl and buried mv hear in mv arms 


ROM KHULNA I caueht the “Rocket 

service,” a mint orange paca 

Wheeler, through a labyrinth of 
m 


Whlerways Towa c Salva PRT, 





|? miles from Dhaka. A few hours 
later a young boy came by selling puffed nce 
ind cocanut that he carried in a wide metal 
Shea. He bad bricht eves and white 


[etd Crd 1 
sname was Nlohammard Mare). He 


L 
teeth. Hi 
said he was 12, buthe looked abouts, “i work 
on this boat. I have for six months,” he said 

What about your family? 

"My father died Six years as 

“What does your mother savr 

She died three davs ago,” 

[ put down my pen, 

We lived next to the river,” Mohammad 
sid. “My stster lives with neighbors now, | 
make 20 taka [65 cents)aday, and | give ten to 
the family to Guy Tree tor her 

“What did you dio before? 

“Twas a porter for three years, Before that! 
idn't do anvihing. My mother worked and 
brought some money home.” 

He hed toreturn the lettover {oor to (he man 


. 


he Worker fot 
; What is thas fore be asked 


Ce Trice if 





Phe boy smiled ane wrap 

hat TIE’ WA lirreri Ser hae myer him 
Thut night ] walked arcund the boat, step 
DINK OVeOr Min Ung DOVS SlIeSTNnE on hit 

deck, but] could not fine] Mohanvmacd 
Refore dawn we arrived in Chandpur, and 
bouts passed mysteriously in the dark. [hen 
the sun rose, anc the river was calm and wik 


int] filled woth boats and people AS lar as | 


ould see, [] 
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By EUGENIE CLARK 


HROUGH A GLANT Undersea len the bubble 

winrtlow of their small submersible— passen 

rere Inspect the sheer face of the (Cayman 

Wall, a submarine ecarpment that is part of 

(Sranl (" iWwimMnsan | anc in the Caribbesr 

The recent development of small, relativeh 
Mmexpensive suomerables has revoiutionized undersea 
exploration almost as dramatically as did the Aqua-Lung 
four decades aro. Moreover, scuba tear is testricted to 
those who can swim, whtle submersbles can accommo- 
date all, whether research scientists or tourists. [his 2: 
foot-long craft, built by Perry Oceanographics, carries 
two passengers in the forward compartment and a pilot 
in the connie tower above. (thas 2 depth limit of 
thousand feet anc usually remains submerced [or about 
eight hours. Compressed-air tanks, batteries, and 
ballast hang beneath the pressure hull. Viewed from 4 


a FE a r 
ister submersiie, the craft hovers at 400 feet hear 


ttrands af rope sponge, lower left. The eviindrical object 


1 lower forerround is 4 combination Hides camera 


During a ‘year s research on the wall [ logged more than 
a hundred hours.on dives ranging trom afew huncired feel 
to 4. 200 teet, the etter in a&-criut o] heavier cli pen | puge 

1). The dives revealed an extraonminary word. The wal 
is acreal laver cake of life zones, with widely differing spe 


ceo! manne animals al various denis. Luring our dives 


we discovered several new types and species and observed 


others in their natural surroundings for the first time. The 
cenes that follow provide a portrait of one of the most 
eautiful and bizarre habitats for marine life that I have 


PnCoOUntered in 42 Years of UNGersed research 
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ALITY REEIAD BARS, 4 
crecn-handed vols 


fright) takes refuge 





! stines of a red rock 
sea urchin in the shallows at the 
ton of the Cavan Wall. Pho 
bower David Deauhilet, a 
longtime associate, calls this 
goby “the most outrageous), 
colored fish in the Caribbean 
Yet itis rarely seen, for it is only 
about an wich and a half long 
and tives in the surt zone close 
to shore, where fish Are rare, 
looked for, Another shallows 
denizen, a tiny fag blenn 
fahbove) arches from its burrow 
ta feed. (avian Lelancders cull 
this area the tron shore, for the 
hrownith seaworn coral that 
farms its beaches 
Chalhengingits own Unage, 
ancther blenny (above bett) 
lunes al & Small mirror placed 
outside its burrow by Doubilet 
= This. was probably a male 
David reports, “Normally they 
are Very shy. But even on the 
tiny world of blennies, there 
seems to be something catled 
machismea, 
Miultirphe arms outstretched, 
un anemone (left) clinss to a 
cinder block while feeding 
on Plankton and small fish at 
a. depth of ten feet. In places 
the sea is often so calm that 
clouds can be clearly seen fron 
uoder walter 


henith the protechve 


Nationa Geographic, November [98s 












; fi 
a ! 
rs me Atlantis | 
: . To We 


Pisces [] 


dco) rr 





Zones 
of li 








SATABRACT IN STUNE, 

1 the Cayman Wall 
drops from the west- 
ern shallows of 
rand Cayman ti 





+, 2000 feet three mile 


Portions of the sheer, upper face 


of the wall may have eroded and 


fallen down to form distinctive 
“haystacks” al adlevel between 
500 and 1,000 feat 
The wall can be divided 
roughly inte four zones of life 
reel, Wall, havetecks, marred cheep 
Bathed in briaht Canbbean 
vantkshit the reef abounes with 
corals ancl fishes, including 
(top ribt) barracuda, stingray, 
parrot fish, and garden eels. In 
dimmer reaches the wall curves 
in sharnly. Here lives an im- 
5: tule, 
elephant tar, ginkgo-leal, rope, 
barrel. The haystack zone, with 


monse variety of sponge 


even less light, is frequented by 


sharks, startizh, sea whip corals, 


mind umbréeiin-shaned crinoicds., 
kinof sea urchins. Here toe lies 
the wreck of the freighter Aire 

Pride (pages 721-7) 

Below, in the fourth zone 
known as the deep, the sealfloo 
BANKS Bently for three mies in 
the Deep Island! Slope, then 
nunees doce more io 3,200 feet 
Lacking eunlicht of any kinel, 
Lhe deep 1s home toa variety of 
trainee species, such 05 the 
cookie-cutter shark, the coffin- 
Aish, the triped fish, the spiden 
armed jéllviish, ahd a swim- 
ming sea cucumber, which to 
me resembles a pink Michelin 
man. Three submersibles ex 
plore the wall at varving depths 
Vilas f, Perry (PC), and 
Pisces ff 

South of the deep zone the 
teaberd cdrom off oa 24,720-foat 
nbves kninan os the Cayman 
zones the deepest hole in the 

Anbbéean,* 


See “Window on Enrih’s Inter 
iar, tw Robert D. Ballard, with 
photographs by Famory Kristof, in 
the August (076 GEoGRArAI 
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OUR BUS of the sea, the 
28-passenger Atlantis [ 
takes visitors on a 
one-hour dive to depths 
of 150 feet. Such dives are so 


popular that 46-passenger sub- 
mersibles are now operating in 


Others are planned for the 


nari DOUmILEF 








Pacific, the Red Sea, and the 
Mediterranean. Photographer 
Doubilet's wife, Anne, and 3',- 
year-old daughter, Emily, peer 

from the second viewport on the 
right. “Emily loved the deep 
reef,” David says, “but the best 
part was when her daddy swam 
up to the viewport and waved.” 
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a spinv lobster 
(right) cracks a rare 
bit shell with it 

mower ul legs and 


1 thi Ti ul dng ks 


seal 


mancibles to re 
inside. Stit shells (left) in pertect 
condition bring hundreds of dol 
lars im the collector's market, A 
Wenl ntar the bottom edge of thi 
hell allows the flushing of 
waste water. Mature shells av- 
erage five inches in diameter 

In some 1 ii i) ates pilet al 


Research Submersibles Ltd 


have observed only 20 lite slit 
thelis and a dozen dead ones 
They retrieve the latter, some 
with shells cdestroved ty =nim 
lobsters and others dead of natu 
ral causes or victims of same ut 


bell intact. Courtney Platt ph 
tagraphed this lobeter at a depth 


PP) Beet 


nine-foot-long tube sponge (be 
| j I a ine ; pa ioe Ol ie " " 
hot) ihe 2 angie of rope 
Ponges at a ceptin of 300 feet 
fo me the sponge belt ts th 
Litt it | ata bud el cae | t | 
most colortul grea of the wal 
Some tube sponges come in 
shades of royal purple and cling 
io the wall in upside-down Dw 
rr P 
quets. Festoans of rope sponge 
n bright orange, raspberry, o1 
vivid vellow drip from the rock 
A i | Cal 1 a ri Bp Ph 4 jag hl Lf 
| CU eT fee Ereen aed ee 
ind] brown grant barrel snonpres 
Fiore Orsi rlenh Init -ea 
ee ee ite fel ibe et | 
LOE, Ll EIT SUPriaces OTLeNn 
fraved with cracks ancl bole 
A a a a lapel 
hi TLE LA thi PMmnAnts oF Very 


urtains to an sebandonerd onem 


nia Geogrobine, Vouempber 1 ORs 











1 a L P 
bined lighting power of Uh 
bulbs wis six times the tintensitt 


_ a 1 
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House Krista then uspended l 


FE 1 F | i 
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mersibles and positioned then 


an either area cil thee Wrey x. Ail 

the moment the picture was tak 
he Cut Tae Pt cl] fo 

“nite, but the Weht from th 


ther alo] i rh ee — 
OLOEP BrOUH SO Panes as OMe Os 


the most powerful photoflash 
ever set off underwater 
Lossamer parasal, a Stalked 
cninon (below tet) spreads iis 
feathery arms lo catch plankton 
and other food particles drifting 


1 Ce Wie Lk 





In Van to pump the ship tree ringios are relat 
lo tuke the remarkable pic cturfish. and sea 
lure, Photographer Eamory Ari ucumbers. Fo 


tof and his colleague Alyin cil records ciate 





(handler weed two submers] this family at 
bles, One OF Which appears with talked crinoids back as far as 


jortue mt tl iz Cry 


n the far sich 10 million vears, anc they ap 
of the wreek, To lhuminate the pear to have changed fitlle sine 


wreck itself, Kristof filled a pai that time. They move mocross the 
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of deep-sea Biass lidats with tw ocean thoor by loosening thei 
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coezen hbulhs each, trigverec voip al the base of the stalk. Is 

tk rill | Peet 14 i] I i = i x Fl + if a i 

bY 2 ohoioelectirc co 1 he Com- ing flat on the boatiom. and nil 
oe re 7 i é r e : py 

ing theniselyes along by means 


of their arms. The pace is un 
hurried) an enterprising stalked 
id may move all of ten fret 
ina week. Others never travel 


at all, and many have heen 


(hree Yer, Munning 

‘iat. ir J nL i | F f 

aL LPR PP Se a ee eS, eT 
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i1e yy ail Nave Yer See 8 cle Ta 
stalked crinovl, sugpesting that 
Lite Iie Splat tS ce tremely long 
and slow. Townsts on boar! an 


jes | SMOoOmMearsiiie tet LoPowen 


the Dubble window (left) ata 
nar of stalked coinois. The 
raft are high Mane uveraok 
ind observers can eet literalh 
Vithin taches of sul fior 
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of fish heads ond ittracterdd 
quid (above) draw lumped the burlap bait bag on 
4 Vinety of diners at the bottom here toned held ante 
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and feet among the hoyatacks starhish 

four-foot-long green mores ANC) (UGED Shap pers 
eel, here turned pale vellow by mited sharks, (oi ey Fla of which darted away, making 
the submersible’s powertul them difficult to photograph 
ow fe huge Sime illedd 


floodhights, slithers across th 


bait bag beneath the lows of a mershle*s but couldn't fel a goo 
armcter crab, Clusters of si naur or 45 moanutles teither. ()n an earl 

rr ' cle Miniter SAT nj LHe TInt Green 5| Thi kk Ee bad heen more Sue 
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ubaut five inches jong and re- ight sticks to sugpes 
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a sea dandelion (top right) cling 


to a rock spur 730 feet down 
The four-inch gorgonian cap 


ture: plankton arecl other smal 


prey with tufted tentacles, stings 


them; and eats them 


The deep-—cdiving submersible 


Pisces [7 (right) carries a pilot 
ind (Wo Passengers und can 


reach 3,280 feet. Dhe manip 


HItor arm lets the pilot retrieve 


ole ts from the sea floor t hig 


larce black “claw,” a lefteve: 


from work for the Navy, isa 


LOPpea-recovery device 
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Bilezing the trail for a piloted mission to Mars, a Soviet probe 
wilt redch I'7-mile-long Phobos (left), larger of the planet's 

feo niecnia, in the spruug of 198o. Former estronaut Michael 
Collins describes a possible scenario for a U. S.-Seviet manned 


vovope in the year 2004 


landing: Valles Marineris, the 
huge conven system named for 
the U.S. Mariner spacecrayst 
that spotted it in 1971, Stretch- 
ing 2,800 miles along the Mar- 
than equator (ficing page), it is 
ten times as [ong, as much os 24 
times as wide, and three times 
as deep as Arizona's Grand Can- 
von. Nearby chonnels (below) 
show patterns that suggest 
colossal volumes of woter once 
sphere and climate much closer 
fo Forth’s than the tenuous, 
Arctic-like conclitions thot pre- 
wail tockory. 

Among the questions a scien- 
tific field trip might answer: 
When and why did the atmo- 
sphere change? Did life arise 
before the change occurred? 
And might resnvomnbs of that life 
be preserved in the planet’s dry 
riverbeds? 
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co there. My trip to the moonin 1969 aboard Apollo 11 served only 
to whet my Martian appetite. 

I felt a little bit closer to the red planet last July when I traveled 
to Baikonur, the Seviet launch site, lo witness the lift-off of an 
unmanned craft to the Martian moon Phebos—the first of several 
such probes that will culminate in humans on Mars, 

What would be involved tn such a stupendous voyager When 
and how might we reasonably expect to go there? 


E HAVE LEARNED MUCH about this secuctive 
planet. Because Mars ts half again as far from 
the sun:as Ferth, tt is cold; surface tempera- 
tures may reach 30°F in midsummer but generally 
! are in the cruel sub-zero range and dip as low as 
minus 200°F. Both poles are covered with ice caps thal change size 
with the seasons. The ice, formed from both water and carbon 
dioxide, has been called “frozen club soda.” 

The thin Martian atmosphere is equally harsh—almost all car- 
bon dioxide, with usta trace of nitrogen, argon, oxygen, and water 
vapor. [ts pressure is so low—the equivalent of Earth's atmo- 
sphere at an altitude of 100,000 feet—that human blood would 
boil, When our crew members eventually hike on the surface of 
Murs, they will be protected by pressure suits, They still may have 
to contend with high winds that produce dust storms lasting for 
months and creating a pale orange have. Their mobility should be 
helped by the weak Martian gravity, in which they will feel only 38 
percent of their normal weight. 





Author MicHae., Contins piloted the command module Columbia an the 
triumphant flight of Apollo 11 to the moon, A trustee of the National Geo- 
graphic Society, be recently published his third book, Life: The Story of 
America’s Adventure in Space, ROGER FL. Risemever, founder of the San 
Francisco photagrephic firm Starlight, photographed the Way 1983 article 
“Supernova —Death of a Star.” Preeee Mion and Roy ANDERSEN are 
frequent contributors of art to the magazine. 
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"We should go to Mors together,” 


writes Roald Sagdeev (above 

at left), distinguished director 
ofthe Soviet Space Research 
Inatitute, who hails signs of a 
growing bond between super- 
powers th spice. His colleague, 
Georg Monagodzre, at right, 

is a2 principal scientist on the 
Soviet Phobos mission, which is 
being cided. by a NASA tracking 
svetem tn following the two 
experiment-laden probes. And 


lant summer, in o cooperative 


gesture, the Soviets invited a 
amol group of L/, &, observers— 
including author {tke Collins 


fo fong-secret Botkonur Cosnmo- 


crome in. Racokhstan to witness 
the Phobos lownech. 

Blasting off on July 7 (top 
left), the first of the hwo probes 


soon beron sending data to 
Flight Control Center in Moscow 
(left), while the second probe 
ftop), mounted on its Proton 
rocket, was readied for lownech 
on juicy I2 

Due to reach Mars in early 
1989, the spacecraft will move 
an ta Phobos several months 
loter—eventuaolly swooping to 
Within 200 feet of the surface for 
a slow-moving pass. Prey will 
investigate, among other things, 
whether the moon is an asteroid 
trapped fy Mars’ gravity. heir 
array of equipment includes t 
laser to vaporize surface mite 
rial for anabsis and a londer, 
called the “Hopper,” designed 
to conduct soil experiments, 
then lean some 65 feet to anew 
Locerion 





They will find the topography of Mars not unlike the southwest- 
ern deserts of the United States, except that it is devoid of visible 
plant ancl animal life, The monotony of boulder-strewn flatiands is 
broken by spectacular mountains and chasms whose dimensions 
dwart terrestrial] features. 

For example, Olympus Mons is the tallest volcano in the solar 
system, three times as high as Mauna Kea and covering an area 
about the size of Montana. Valles Marineris, a system of canyons 
near the planet's equator, stretches for ten tomes the length of the 
Grand Canvon, As on our moon, impact craters and volcanoes 
dominate surface features, but 
unlike the moon, Mars shows 
clear evidence that copious 
amounts of water once flowed 


over ils surtace 





SLentists believe that at one 
time Mars hacl a warmer cii 
mate and much denser atmo 
sphere, laden with water vapor 
Running surface water carved 
out networks of channels, and 
the planet could easily have 
harbored life 

Later on the atmosphere 
thinned, and ice-age conditions 
prevailed. Today some water is 
frozen in polar ice caps and per- 
haps in ground ice. Phe where- 


abe is oT Water Ww iil he rl TTT 





concern of the landing crew 
Detailed Ler dened re of the 
red planet comes from data col 
lected by two unmanned Viking 
spacecraft that mapped the en- 
tire surface from orbit in 14976 
They also landed and analyred 
asmaill amount of Martian sail 
They found that the soil pro- 
ducect ORV ECT when Water Wes 
added—a possible Sign of dor- 
mant organisms coming to ite 
But scientists i oncluded that tt 
than a binlogical one. If hfe ex- 
istson Miars, it probably is near 
= the ice-covered poles or-in hol 


lows of dry riverbeds. 





Same scientists feel that even 

Failure to find lifeon Mars would be important. As astronomer (ari 
Sagan put it, “Tf Mars is lifeless, we have two planets, of virtually 
identical age, evolving next door to each other in the same solar sys- 
tem: life arises and proliferates on one but noton the other. Why? 
Qur journey to Mars carefully considered the fact that Barth, 





closer to the sun, is orbiting fasterthan Mars and overtakes it about 


every 7ROdavs. Thisinterval determines when any mission ceparts 


738 National Geographic, November 1085 


Earth for Mars (the launch window) and when it returns, in order 
to consume the least rocket propellant. 

The minimum-energy path would have involved our crew in al- 
most seven months of outward travel, a wait at Marsofavearanda 
half for the two planets to realign themselves for the return, and 2 
six-month voyage home—a total trip of more than two and a half 
years, We have reduced this to less than two years by the stratagem 
ofswinging by Venus to use its gravity 45 a slingshot to speed up the 
spacecraft, ata slight increase in fuel consumption (pages 742-3). 

But far more than fuel is at stake in pbhdaarot flight duration. 

In an emergency, astronauts , 
in Earth orbit can rebirn to ter- 
ra firma within an hour. Even 
the moon is no more than three 
days away. But 4 vovage of a 
couple of years imposes new 
standards of performance and 
reliability on both crew and 
machinery. No heaspital, no re- 
pair shop or grocery store, just 
month after month of black sky 
and, at times, a face on the 
TY screen. 

A little arithmetic demon- 
strates the enormity of the sup+ 
ply problem. 

Each day the average man re- 
quires about 3 pounds of food, § 
pounds of water, and 2 pounds of oxygen for a total of 10 pounds. 
(Most women consume less, a point in their favor in considering 
any long-duration mission.) On a two-and-a-half-year trip eight 
men would require 75,000 pounds of food, water, and oxygen. And 
that includes only water for drinking, with no allowunce for show- 
ers or laundry —clearly intolerable. 

To avoid the weight penalty of dumping wastes overboard, our 
crew recycles all liquids. Wash water, cabin humidity conden- 
sate— even urine —are purified and used again for drinking. 

Similarly, exhaled carbon dioxide is used along with sunlight 
and water to make food for plants, which help produce oxygen and 
food in return, Solid wastes serve as fertilizer, On this Mars voy- 
age, however, the plants are only experimental: their health de- 
pends on the complex interaction of microorganisms whose 
behavior is far too risky tor the first expedition. 


YSTEM BY SYSTEM the Mars spacecraft demanded a new 
étandard of reliability. New ideas that offered to save 
welght or acil performance were judged against old 
standbys. Forexample, new propulsion systems such as 
lon-dirive engines have not yet proved themselves as de- 
pendable as liquid-fuel rockets. On Earth nuclear power plants can 
be shut down for periodic repairs, but such maintenance in space 
would involve formidable problems in shielding, 

A spacecraft necds not only power to propel itself but also power 
to drive gyroscopes, pumps, lights, and other machinery. On the 
Apollo spacecraft we generated electricity by a clever device called 





Mission to Mars 





A Mars watcher at Lowell Obger- 
vattory in Flagstaff, Arizona, 
heeps an eve on the red planet, 
visible through the dome’s open- 
ing, with the histeric 24-inch 
telescope (facing page) built for 
astronomer Percival Lowell in 
1204, Bosed on his observa- 
tions, Lowell theorized that 
Afors was populated by intelli- 
gent beings who built canals. 

To communicate with mis- 
locations, NASA's Langley 
Research Center in Hampton, 
Virginia, tests o collapsible 
parabolic mesh antenna (above) 
that can be stowed awery for 
launch, then woifolded anid 
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the fuel cell, which combined hydrogen and oxygen to produce 
electric power, with drinking water asa by-product: But a Mars 
expedition requires many times more energy than an Apollo jaunt 
tothe moon, and for much fonger, beyond fuel cell practicality 

Silarenergy presents similar problems. Solar panels, composed 
of many small photovoltaic cells, convert the sun's energy directly 
into electricity. They power most satellites. But on a trip to Mars, 
traveling farther and farther from the sun, the power produced bya 
soiar panel would gradually be reduced by:more than half. Consid- 
eration was given to using nuclear power to generate electricity be- 
fort the final decision to stick with solar 

Such tricky problems are at least susceptible to engineering anal- 
ysis. Not so the single most important component: the human 
body. In space the full range of health factors comesinto play. Plan- 
ners must consider not only nutrition and disease but also rarctia- 
ton, cardiovascular changes, muscular deconditioning, the 
psychology of isolation. and confinement, and—perhaps most seri- 
ous of all—a weakening of the bones known «as demineralization 

ur crew members were subjected to the most exhaustive tests 
medical science could devise. But as Dr, Arnauld Nicogossian, 
WASA’S director of life sciences, points qut, “Never before has 
medicine been called wpon to certify that an individual will be 
healthy cnough to perform for two years after the examination.” In 





that time chances are that a case of appendicitis or a kidney stone 
May Appear, 

Once l asked Dr. Joseph Kerwin, aSkylab-astronaut and physi- 
cian, What he would have done if one of his mates showed signsof 
appendicitis. “Strap an ice bag on his belly, give him some antibi- 
obcs, and come on home,” he replied. On a long-duration Mars 
trajectory, the ice- bag ancl antibiotics might have to suffice 

Our craft has a well-stocked infirmary, but surgery will be limit- 
ed to clementary procedures, and weightlessness could complicate 
Lhose, such #8 Stanching the flow of blood from an incision 
or wound (Continued on poge 747) 
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A bey component of a Mars mis- 
sion Will be the aeroshell—a 
shield that slows the spacecraft 
by using atmospheric drag 
instead of costly fuel. Its oblate 
shape mokes tt easier to steer, 
siya NASA's Poul Siemers 
(below left), who holds a small 
model of the craft to be tested 
onupcoming shuttle flights, A 
space station model sits behind 
fiir. 

To study the vehicle's commu- 
nications system, NASA's Tom 
Compbell positions a model in 
Langley’s echo-free chamber 
(facing page). Supercomputers 
simulate flow patterns (below, 
top) aru other effects of roses 
that would strilee an aeroshell 
fbottam) in the Martian 
atmosphere. 
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7 pd i late HERE ARE MANY WAYS to but greatly increases the fuel 
( hal {] Ye a vet to Mars,” says autho land, To minimize fuel weirht, 
| -I = Collings, “depending on Bb cargo Venicle would be sent 


IO LU] nd — [ ry D sis ition Of The planets an : ahead ona more effi seit ‘ute 


nuch fuel wou’ re willing to But because of the ce 


L. _ el ae uu rope [| you cl! ive VOUT (yi tabi ae ona WA bel ti 
> x l L 

| h | Ce carat 65 miles an hour instead limited to less than a month on 

f 55, you tet where vou re the surtace of Mars—a relative 


options going quicker, but your gas ly small payoff for the 30- to: 100- 


nileage crops. [t's all a matter billion-dollar price of a Mars 
Of tracke-olts Mmiss)0n 

The most foel-efficient rowt Blasting toward Venus.to ren- 
to Mars 1s a direct trajectory tlesyous with Mars, the 22-month 
Lop lett) taking less than seven journey preferred by the author 
nonths each way but requiring vould combine alyantages 
istay on Mars of a veer anda of both scenarios. Ry using the 
half —a round-trip exceeding gravitational field of Venus 
two and a hal years. “Areal ing the Soviel-American space 
ordeal, save the author, “[t's CTatt bowen the chestination, 
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badd things can happen. fuel, And the handing crew 

Phe fastest route 6 asprin could spend about 40 days on the 


MuSsian, WhiCh reduces the SUTinct {f Mars befor LET 


round-trip to about 15 months the “long route home, 
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VW tile en coute the tandem venicle = Giilt-in ascent stage 
spe Pk WCHL ld probably be i) to rendezvous with their 
aimed at the docking port Crew mates in 
tent). Another-plan:-swing the mother ships. The craft bias 
supsarcuncd cach other on a Mito Martian orbit sepa- 
) 
Leiner ( betti mm) to GrOVECLe Artit- PaLreiyv 14 then re ooc e fi r the « 
tal gravity for their crews dur- nine-month j 
ing the lone tri 
Nearing Mars: (above, in 
rT] tla J Cee ae lt i uy e] [ aul ahiti 1 
separate, then “aerobrake to 
educe speed (1) and enter aon 
elliptical orhtil around the 
planet (2). Maneuvering int 
circular ortits, the shine jethicon 
their arroshells (3), recouple (4) 
SE DATA BEAN, We crew 
landing vehicle descends to 
ihe planet § surface (5), to be - 
followed ty the electronicalls 
ruied, unmanned lander (4) 
CONLIN Supplies and equip 
ment After their 40-day sti 
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iol from Earth orbit 


LEAD Dat TUF @ pair ch and dock with the U. S. ship 
recane rocket stage some ten dava into the journe’ 
the ‘pace Ft cll i Lert Chen Lhe space opaft i below 


soned DY Whe (Collins and ncludes an aAercshell 90 feet in 
atherexperts would be launched diameter (1), a landing vehich 


from low Earth orbit, rathe for descending to the surtace of 
than from the surface, because Mare (2), habitation modules 
of its size. Seen at far left in dif- where the crew lives and works 
ferent phases ieacing to count- (3), tanks for fuel storage (4) and 
down — perhaps as soon as 2004 water (5), a docking tunnel for 
the 500,000-pouncd 2pacecrafi mating with the Saviel space 
WOLIC Ke assembled at a space raft (4), and. at bottom, an 
station, al left, from equipment “Earth-capture vehicle” (7) with 
ferned aloft by unmanned heavy Is Own meroshell. iis smaliet 
Nit yenicles ship would be wise as a storm 
Heneath the spacecraft, each cellar agamst radiation from 
APE SURE 1S Protected OY an lar flares and to reenter Eart 
aeroshell and will be retriewed orbil at journey 5 end, after the 
[or Feiée, A similar Soviet eight crew members have lett 


wecrailt, launched from their their mother 5 Lips 
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Hazards of 
along voyage 


HE WORLD WITHIN the 

spacecraft may be the 

Ultimate Tronter on. a 
Wars mission. “lt would be an 
enclosed life-support system, ° 
savs the author, “where nearly 
evervthing is recycled, so the 
crew would be vulnerable to any 
organisms that nin amok.” 

Personnel choice would alsa 

be critical, Collins sugpests a 
crew of four married couples, 
assembled from around the 
world. They would face prob 
lems ranging trom. deadly Gursts 
of solar radiation to the more 
subtle effects of “space stress,” 
such as irritability and depres 
aon, Hoth might result from 
boredom, isolation, confine- 
ment, or the homesickness of 
seeing arth a a mere speck 
millions of miles away, 
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Expitiments art under way to 
have the crew decorate their own 
living quarters, sleep in-hassie- 
free restraining sleeping bags, 
and work and eat at stations 
neutral 
body position” of weirhtlessness. 


custom-made tor the 





The medical etfects of pro 
longed weirhtlessness are cause 
for concern. The Soviets, who 
have logged more than 15 man 
YEArS in space, Delleve that-exer 
cist Can minimize two known 
effects: calcium joss in bones and 
muscle atrophy, Another recent- 
lv detected problem—a possible 
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All bmi ais 





weakening of the immune sys- 
tem — might leave the crew vul- 
nerable or impaired in accom 
plishing their mission on Mars 

ALN ASA's Kennedy Space 
Center, sclentists study the mer- 
ite of “normal” exercise (helow 
left) versus électro- muscle stini 
Wiation (below) —a passive bech- 
nique that could save electrocde- 
welrme astronauts hours of 
drudgery on & tréeadmill or row: 
ine machine 
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HE MARS SPACECRAFT was assembled in factory "clean 
rooms that filtered out dirt and cust. However, 
microbes pervade all equipment, and undoubtedly a 
colony of them has accompamed the crew on the voy 
| ae. Presumably no virulent strains found their way on 
board, butit seven possible that in the alien space environment 
some genetic mutations may develop and produce new forms of 
bacteria the crew has never encountered before, 

The crew's diet, essential to health, has been carefully planned 
Because of weight limitations the mission relies on the old standby, 
dehydrated, prepackaged food. 

Racliation poses a major concern. Human response to harmful 
raciation can range from nausea and vorniting to fever and death 
Long-term effects, which may not arise until years after exposure, 
include cataracts, tumors, and leukemia 

Galactic cosmic rays, high-energy particles that prohably origi- 
nate inexploding stars called supernovae, constantly bombard the 
spacecraft, but the amount.of radiation reaching the crew is not ex 
pected ta exceed an acceptable level. More threatening, solar flares 
sporadically belch out from the sun, Their raciation could kill the 
crew, if unprotected, within a couple of days. Engmeers designed 
the snacecraft with a protective storm cellar, shielded by the vast 
stores of walter, oxygen, and propellant on board —all of which are 





good energy absorbers 

Another problem, though considered remote, is posed by mete- 
oroids, Which might be lurking near Mars because of its proximity 
to the asteroid belt, Spacecraft shielding would stop sand-grain- 
size pellets, and our eight voyagers have been carefully trained to 
patch holes made by larger ones 

Perhaps the greatest threat lies in the debilttatmy effects of 
weightlessness on the human beady. On Earth our bodies fight 
aginst gravity: Muscles strain as we walk up stairs, and bones 
maintain their strength to support the weight of our bodies. Un 
the trip to Mars, floating free, the crew's bodies have changed. 





responding toan environment unlike anything our ancestors metin 
millions of years of evolution 

Atthe earliest onsetof weightlessness their body fluids, which on 
arth are drawn by gravity toward the feet, migrated toward the 
upper body. Nei Armstrong and Buzz Aldrim looked different to 
me on our flight to the moon: Extra fluid reduced their facial wrin 
klesand made their eves look squinty and crafty. With no gravity to 
compress our vertebrae, we-erew in height by perhaps two inches 

Although it didn't happen to us, weightlessness makes about 
half of all space travelers feel sick for the first couple of days, The 
symptoms are similar to seasickness, with loss of appetite, nawsen, 
and sometimes vomiting. We still don't know why this happens, 
and ground tests are not accurate in predicting who will or will not 
be susceptible 

Uther changes are equally mysterious, The body mistakenly in- 
terprets Increased fluid in the thoracic region as an increase in total 
blood volume, and initiates a complex process to get rid of i There 
is an initial decrease in blood plasma volume, perhaps due to hor- 
mane secretions, which might also have a diuretic effect. The beady 
scems to sense that the new blood volume ts too rich in red blood 
cellsandsrts about curtailing their production in the bone marrow. 
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Home is a habitation module 


(above) to technicians demon- 
strating training in the space 
station mock-up at NASA's 
Johnson Space Center in Hows- 
ton. Designed to accommodate 
éight crew members in a pres- 
surtzed, shirt-sleeve environ- 
ment, this probotype Links 
habitation, laboratory, ana 
ofher modules wing an truber- 
comnecting node (opposite). To 
mike space travelers—who only 
at home, architects plan mod- 
ules with on artificial “up and 
dewn" orientation. 


748 


Muscles atrophy if not used, and without exercise our crew's leg 
muscles would wither during the long voyage. With no gravity to 
pump against, the heart grows lazy and shrinks in size. 

Exercise does not eliminate the most serious health problem— 
loss of bone density, especially in lower back, legs, and feet. Just as 
the marathon runner may not need the heavy bones of a weight lift- 
er, 30 the space traveler can function with a skeleton much lighter 
than that of his earthbound twin. The body responds to weightless- 
ness by excreting calcium and reducing bone density, at a loss rate 
that has been calculated at one-half of one percent a month 

Bones become brittle and be- 
gin to fracture easily when their 
mineral content is reduced by 
25 percent, which might take 
five years in weightlessness. 
Tests of bedridden patients on 
Farth suggest that bone dam- 
ave miay be irreversible after a 
vear, Calcium in the wine may 
also lead to kuiney stones, a 
painful and disabling ailment to 
encounter months away from a 
well-equipped hospital 

Miscle and bone problems 
are the result of the condition — 
weightlessness—not the loca- 
lion—spece, [artical gravity 
con be tmtroducedin space, they 
should disappear. It is possible 
to use the centrifugal force of a 
rotating spacecrait as a substi- 
tute for Earth's gravity. How- 
ever, spinning a habitat may create engineering and physiological 
problems. It consumes fuel to initiate or terminate and it may be 
difficult to stop a craft from nutating, or wobbling like atop. Com- 
munications and navigation become harder. The radius of rotation 
may have to be large, perhaps a hundred feet or more, or the spim- 
ning might cause dizziness and loss of balance. 


MARS CREW FACES one final hurdle: the psychological 
double whammy of prolonged isolation and confine- 
ment. Isolation from all they have known before: no 
family, no trees, no Valleys, no waterfalls. Out of the 

windows, month after month, the same black velvet 
dotted with unblinking stars; only the almost unmeasurable 
change in sun, Earth, ancl Mars as the mission unfolds. 

And confinement: No way to escape from the clotered daily life 
af the spacecraft. No way to avoid looking at the same walis, no 
way to escape from the same repetitive tasks—or from other crew 
members, The interaction between individuals may be the most 
crucial factor of all, as months of boredom create frustration and 
hosnlity, followed even by incapacitation or violence, 

Perhaps the closest analog.on Earth is wintering over at an Ant- 
arctic research station, For the sctentists and their supporting stalfs 
the problems often result in “cocooning,” a form of withdrawal! 
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To supply enough food, water, 
and oaygen to support an dstro- 
nowt indefinitely, scientists at 
the Kennedy Spoce Center exper- 
invent with crops grown in a 
hvdroponic environment inside 
a sealed chamber (opposite). 
The search goes on, save project 
sclentist Bill Knott, standing, 
but so far dwarf wheat looks 
promising. “Its productive, fost 
growing, and short.” 

In 1990, eight volunteers will 
go behind sealed doors for two 
years at Biosphere ET (prototype 
above), a private research proj- 
ect in Oracle, Arizona, exploring 
chosed [ife-support sysberme, 
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Cases of violence have been reported. Under such conditions, orge- 
nization and compatibility are of paramount importance. 

Similarly, reports from long-duration Soviet space flights tell of 
tiffs hetween crew members, with participants in two-man crews 
pouting at etther end of their space station. 


HE SOVIET UNION has made an impressive long-term 
commitment to space exploration, with a steady, ag- 
gressive, well-funded program that includes going to 
Mars. (See NATIONAL GEOGRAPHIC, October 1956.) 
As partofthe program, cosmonauts have systematical- 
ly extended their orbital flights. Ten years age they surpassed our 
Skylab record of 84 days. In 1984 three weary cosmonauts, 
including a doctor, returner! to Earth after 237 clays aboard the 
Salvut 7 space station. At this writing a two-man crew on the Mir 
station should be well on the way to breaking the duration record of 
cosmonaut Yuri Romanenko, who spent nearly all of 1987 in orbit. 

What have the Soviets learned so far? First, in the broadest 
sense, the flights have been successful, and many Salyut and Mir 
cosmonauts have gone up again, 

On the other hand, it hasn't been easy. Romanenko's perfor- 
mance degraded toward the end of his flight, and his workday was 
reduced to 4.5 hours. Upon landing, cosmonauts have had trouble 
standing up and are scooped from their spacecraft in reclining 
chairs a5 a precaution. After seven months in space, Anatoly Bere- 
zovoi told me that he couldnt walk properly for three days, and he 
thinks a Mars trip ts impossible without artricial gravity 

The Soviets are trying various countermeasures to protect the 
body from weightlessness: exercise on a stationary bicvele and 
treadmill for at least two hoursaday(Romanenko reportedly cid a 
much as four hoursaday); special clothing that simulates the role of 
gravity in sustaining muscle tone; a dict of 3,200 calories adiay plus 
calcium supplements and vitamins twice daily. All these measures 
are designed to minimize bone demineralization and cardiovascu- 
lar and muscular deconditioning. 

Romanenko's 11-month stint in Mir is:a big step toward certify- 
ing the human body for a Mars mission. He appeared to rebound 
quickly, more so than earlier crews, and was healthy enough to 
greet his family on his feet. He said that he went for a brief run the 
day after he landed, and his condition compared favorably with his 
96-day fight of a decade earlier. 

But many questions remain. Exactly how much was his skeleton 
weakened? Was this damage permanent? How much variation be- 
tween individuals is there? Are women more susceptible to brittle 
bones? Will Romanenko's heart return to tts preflight norm? How 
serious was the loss of muscle mass in his legs? If he had landed on 
Mars, would he have been incapacitated foraday or so? In all like- 
lihood the methodical Soviets plan to answer these questions by 
tests of increasing duration aboard the continuously manned Mir, 

While expanding their human presence in space, the Soviets 
have not overlooked the machinery a Mars mission would require. 

The first need israw rocket power, andthe U.S,S.R. hasrecently 
unveiled the Energia, a giant booster in the same class as the UV. 5. 
Saturn V moon rocket, which last flew in 1973. The Energia can 
propel payloads of approximately a quarterofamillion pounds into 
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Earth orbit and 60,000 pounds on a trajectory to Mars. It will be 
many years before the United States can duplicate this Soviet 
heavy-lift capability. 

AS preliminary steps toa piloted mission, the Soviets plan to send 
acres of unmanned probes into Martian orbit. The thunderous 
blast-off of a Proton rocket that I observed last July at Baikonu 
sent the first of these to the Martian moon Phobos 

During the next decade the Soviets will send several spacecraft to 
map the Martian surface, lone With robotic rovers that will ana 
lyze soil and rock samples and ultimately return them to Earth 


Coupled with a vigorous research program aboard Mir, these mis- 
stons should clear the way for senciing people to Mars. 

The exploration of space has increasingly become an interma- 
tional venture, and the Soviet Union has often weed joint space mis- 
sions to promote friendship with other countries. | have discussed 
the matter of a Mars expecition with half adoazen cosmonauts, and 
all agree that our two countries should work together on such a 
complex and expensive undertaking 

A possible schedule has been proposed by Roald 4. Sagdeey, di- 
rector of the Space Research Institute: “We should go to Mars to- 
gether. First, by 1994, we should cooperate in landing a mobile, 
unmanned space vehicle on Mars, Later, by 1998, to bring samples 
bak to Barth, We could try to cooperate in landing men on Mars, 
maybe by the year 2001.” 
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Simulating weightlessness in o 40-foot-deep water tank, space-suited NASA 


engineers aot Huntsville, Alabama, test hardware designs and assempbiy 


procedures by building the primary framework for the planned U.S. space 





stition, In space, astronauts will strap into busket-like platforms, then 


moniiver fiemscives dnl their equipment around the station's framework 


to connect the plumbing ana electrical systems. 





Showering in space will keep 
the Murs astronauts in gow 
humor, predicts test subject Sue 
Eley (facing page). She tries her 
hand.at NASA's new rero-¢ 
shower aboard an aircraft fiv- 
ing 30-second purdubolas to 
achieve weightlessness. The 
device runs ono gollon ond a 
holfof recycled water, 


Working 25 feet widerwater, 
engineers af Jolinson Space 
Center assess the performance 
of the 2PS Mark [1T, a new 
pressurized space suit designed 
to help astronauts avoid hours 
of “prebreathing” to prevent 
the tenes, 





Tn this country there have been Similar proposals, some pointing 
out that 1902 is both the 75th anniversary of the Russian Revolu- 
tion and the Sh anniversary of Columbus's discovery of the New 
World—an auspicious year to begin, perhaps by testing in Earth 
orbit the first components of a Mars spacecraft. 

The U.S. and 0.5.5.R. flew together in Earth orbit in 1975, 
whena US, crewofthree docked witha pair of Soviet cosmonauts 
in a goodwill mission called the Apollo-Soyuz Test Project. Now 
that President Reagan and General Secretary Gorbachev seem to 
have established a mutual goal of casing Superpower tensions, o 
joint fight ta Mars might make 
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findanctal sense 

(in the other hand Apollo- 

Sovuz was child's play com- 
aa hes Bie ) pared with the extraordinary 
FL ee Ti complexity of a Mars mission. | 

| recall from early Apollo days 
that it was sometimes hard to 
eet two or three American con- 
tractors to work together har- 
moniously. Imagine bringing 
together technicians with very 
diverse cultural backgrounels, 
no common language, and not 
even the same units of measure! 
Also, what about the Japanese, 
Europeans, and Third World 
countries—can they be left oul? 
Should not a Mars expedition, 
especially the first one, répre- 
aent all mankind, mot just the 
LwWo Superpowers: 

Cosmonaut Vladimir Drhan- 
ihbekov, a veteran of five space 
missions, described to me how 
international probleme could be 
minimized by separating flights 
into national modules. For ex- 
ample, a joint saimple-return 
mission could be put together so 
that one nation would provide a 
one-way trip for the robotic sur: 
face rover, while the second 
would be responsible for cal- 
lecting the samples from the 
rover and returning them to Parth. In similar fashion a human ex- 
pecition could be divided into logical national components, with 
attention to parity in responsibilities 

How close is this nation to undertaking a Mars voyage with or 
without the Soviet Union? In 1992 NASA expects to launch the 
Mars Observer to map the planet, measure its gravitational field, 
ancl study its atmosphere. Bevonel this; plans for the red plonet 
are VALUE 

The 1986-report by the National Commission on Space, chaired 
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Firing retro-rockets to slow the 
descent, the crew of the londing 
vehicle become the first humans 
to towch down on tHe dusty sur- 
face of Mars. A possible landing 
site: the eastern Mangala Vallis 
ancient river channels, lova 
flows, and impact craters ore 
clustered. 

The explorers may wobble as 
they feel the tug of gravity for 
the first time in nearly a year, 
although Mars’ gravity is only 
8 that of Earth's. They set up 
an inflatable habitat and plant 
electronic beacons to guide the 
corge onder, carrying a small 
nuclear power plant, to their 
camp. To explore Mars, they 
might use a Soviet-made rover 


similer to this remote-controled 


me (facing page, top). 


Plunging into the Martian 
atmosphere with their aero- 
shells forward, the Soviet and 
American ships use friction 
rather than fuel to reduce speed 
and enter an elliptical orbit 
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by former NASA administrator Dr. Thomas O. Paine, looks 50 
years into the future and sees “pioneering men and women [rom 
many nations working and living throughout the inner Solar Sys- 
tem. Space travel will be as safe and inexpensive for our gransdchil- 
dren as jet travel is for us.” The report predicts the first human 
outpost on Mars im the year 2015. 

In 1987, asamember of the NASA Advisory Council, [chaired a 
small working group that recommended to NASA that the human 
exploration of Mars should be the agency's primary goal. Shortly 
after, former astronaut Sally Ride directed a much more extensive 
study within NASA. Her report endorsed the long-range goal of 
Mars but with qualifications: “Settling Mars should be our eventu- 
al goal, but it should not be our next goal,” 

Dr. Ride believes, as doa lot of other experts, that the best wayto 
get to Mars is by way of the moon. A lunar outpost would allow a 
stair-step approach to Mars, wherein we could learn how to sur- 
vive on another planet while venturing only three days from Earth. 
This makes sense, but I disagree: I believe the moon is an unneces- 
sary detour that would delay our colonizing a much more interest- 
ing place. Besides, 1 think NASA needs one major goal, not two, 

Perhaps my thinking is clouded by the fact that [have been to the 
moon and don't want too back, But on one thing Dr. Ride andl 
agree: The exploration of Mars should not bea dead-end, one-shot 
spectacular but rather an orderly progression from the first landing 
toa small outpost to a Martian colony. 


‘HAT WOULD a Mars program costr 
Roald Sagdeev estimates that the initial phase, 
including a Mars rover, would be one billion cdol- 
lars; a sample return, less than five billion dollars; 

amanned expedition, 50 billion to 100 billion, based 
on today” s dollar. A knowledgeable American group, the Plane- 
tary Society, estimates 80 billion dollars to put four people on Mars 
for 30 davs 

A sensible cost estimate requires that we have a rough mission 
orofile. What trajectory, what size crew, how heavy a spacecraft? 
What equipment can be borrowed from other programs? 

Wernher von Braun, the great rocket engineer, envisioned two 
ships carrying a dozen people. He stuck to the basic minimum fuel 
trajectory, calling for more than a year on the Martian surface and 
making the round-trip-a 32-month ordeal 

Dr. Maxime Faget, the designer of the Mercury spacecraft, 
aprees that the way to go to Mars isin asmall fleet. “A single shipis 
too risky; to make it adequately redundant would be too complicat- 
ed. and too expensive.” Faget compares the Mars voyage with that 
of Christopher Columbus, who used the Vita, Pinta, and Santa 
Afaria for safety. Faget would send 12 people in three or fourships. 

Innumerable studies have investigated bow best to reduce trip 
times. For example, more propellant must be burned to shorten the 
trip, adding to weight and costs. But it also means the crew will 
be breathing, eating, and drinking in a space environment for 
a shorter time, so human logistics are simplified. A shorter trip 
reduces exposure to danger and wear and tear on the body. 

After listening to the experts, I picked a mission profile that 
includes the most advantages, as [see them, for our crew, 
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ihe mission, an international one, sent eight people on a 
227-month journey, with a swing by Venus on the wav out and six 
Weeks on the Martian Sirhact 

Waking the vovyare are two similar spacecraft, one built by the 
Soviet Union and one by the United States. The Soviets launched 
theirs in pieces with the Energia and assembled it at the new spac 
station that replaced Mir. [n similar fashionanew UU. 5. heavy-lifl 
aunch vehicle delivered components to this country's space sta- 
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Each of the two nations picked four crew members, bwo men 
and two women, coordinating closely to cover all vital scientific, 
medical, and technological disciplines needed. The four couples 
are U.5,, Soviet, European, and Asian. English is the official 
language. As a concession for its use, a Soviet commands the mis- 
sion, The four to descend to the Martian surface will be Soviet 
and American. 

Once the two mother ships were assembled, the crew members 
were delivered to their space stations by the U. S-shutthe and its Sov1- 
et counterpart. Amid intense international fanfare the twospacecraft 
departed Earth orbit separate- 
ly, then approached and docked 
for their historic trip, 

What is it like for the crew? 
The habitat modules, huge by 
present spacecraft standards, 
are cramped nevertheless, be- 
cause of the space devoted to 
fuel, water, and other expend- 
ables, as well as to hardware. 
The crew's careful training, the 
sense of purpose, the interest of 
the world auctence, the honor 
of representing the home plan- 
et, the clearly defined goal and 
timetable: All these combine 
to ameliorate what otherwise 
would be a terribly confining 
22 months. 

The crew spends a lot of 
time on scientific observations, 
along with exercise, engineer- 
ing checks, and household 
chores. Keeping the supply 
Inventory current is a time- 
consuming job (Skylab carried 
hundreds of washcloths, color- 
coded so each crew member 
could recognize his own sup- 
pli, The cooks (French astro- 
nauts?) must plan, prepare, ane 
clean up after 15,000 meals 
Exercise is serious business for 
everyone: two hours a day of 
workouts on bicycles, tread- 
mills, and other resistance 
machines. 

Swinging by Venus on the 
outward journey five and a half 
months from Earth provides a 
welcome break in the monotony. Crew members plaster them- 
selves against windows like eager tourists to photograph the plan- 
et's veil of swirling butterscotch clouds. 

Tension rises among the crew as the home planet becomes in- 
creasingly remote and the unknown perils of Mars more imminent. 
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They spend a great deal of time studying: and simulating future 
phases of the mission. To keep skills honed, they occasionally 
connect the control instruments inte a computer that has been pro- 
grammed to simulate various emergency conditions, Taped lec- 
tures help. An entire geology course, given by the crew geologist, 
engrosses thase who will make the landing. 

Despite all these activities, boredom remains a problem that will 
not goaway. Television buffs among the crew have the eastest time 
of it because programs are beamed from Earth, not to mention the 
hundreds of movies stored on board. Even the news is at most only 
aquarter hour behind Earth schedule. Games and friendly compe- 
tition help keep the eight voyagers interested ancialert, The Soviets 
are the undisputed chess champions, while the Americans excel at 
inventing—and winning—new video games. Dart throwing and 
card plaving (tricky in weightlessness) are popular. 

Gardeners among the crew grow vegetables and a few flowers, 
not as a necessity but as a dietary supplement and a hobby. Ap- 
plause greets the occasional appearance of fresh potatoes.and beans 
on the dinner table—symbols of well-being anc success. 

The crew's life-support system is ahybrid, with a closed loop for 
recycling water and oxygen but not food and solid wastes. It was 
régarded as technologically msky to attempt to recycle solid 
wastes—a loop easy to visualize, but, oh, so difficult to keep work- 
ing efficiently year-after year, Thus some wastes go overboard, to 
mystify intergalactic travelers who might stumble across them 
centuries later. 


N APPROACHING MARS the two mother ships will sepa- 
rate and point their saucer-like shields toward the 
thin Martian atmosphere. In this way atmospheric 
drag can be used (instead of fuel) toslow the vehicles, 
aconcept called aerobraking. 

Once the two vehicles rejoin in orbit around Mars, the first duty 
will be to make the final landing-site selection for the base camp, 
one that notonly is safe for landing but alse provides interesting ter- 
rain for prospecting in the rover. Then the landing team —thetwo 
Americans and two Soviets—will abandon the luxury of duplicate 
facilities, and for six weeks they will rely on one landing vehicle, 
one surface habitat, one rover, one ascent stage. 

Of course, each of these machines has redundant components 
where possible. But justas the Apollo ascent stage relied onasingle 
engine to take off from the lunar surface, so weight restrictions in 
the Mars mission dictated similar tough design decisions, 

Fortunately the new technology needed to produce these units is 
well advanced, including the descent stage, which again will 
employ acrobraking, After this has done its job, parachutes will 
deploy, ancd then a rocket motor will cushion the final descent toa 
vertical landing 

On the surface the team’s first task will be to ensure the proper 
functioning of the surface habitat, an inflatable structure (left) that 
will be connected to itsown small nuclear power plant. Then twoat 
a time they will venture forth in the rover to explore and to gather 
samples. They will avidly scan the surface for evidence of life, past 
or present—such as fossil remains in eroced sedimentary rock or 
any sizn of living bacteria colonies. (Continued on page 764) 
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Leaving behind a base camp for 
future explorations (opposite), 


the Mars crew lifts off in the 
landing vehicle's ascent stage 
to rejoin the orbiting mother 
ships. Battened against the 


plonet's dust storma, the inflated 
habitat, connected to the londer 


by a tunnel, stands near the 
dors rover, 

Buried for safety beneath 
the cargo lander, upper left, 


the camp's nuclear reactor will 
continue to power experimertts, 
beacons, and communications — 
da lone electronic sentinel holding 


the fort until the next visitors 
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Mars Base 
2050 


COLONY ON MABS by the 
year 205075 feasible, 
according to some 

experts. If so, a collage of 
activities at this far-flung ect- 
post would be astucdyv in human 
LWEenuity’, 

In the planet's thin, carbon 
dioxide atmosphen: every breath 


Natie 


would represent a small miracle 
of technology, Wilh OFyEen 
drawn from CO )-recycling green 
houses. Water would come from 
Martian polar or ground ice, 
melted and filtered 

Teo survey the planct's rugged 
topography, a Mars colony 
would be wise to send out 
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mechanical scouting devices —a even a short stroll outside, under Mireting Mars on its own 
wiceo-equipped helium balloon creamy orange Martian skies, terms will be a challenge for th 
to wander the planet, perhaps, would mean copme with an next generation. For ours, the 
or an ultralight robotic planedor environment more hostile than year ses some 15 Vears-awe 
long-distance exploring, miap- Antarctic winter: solar roacdia- Hut there's an optimistic saving 
ping, and prospecting tion, Lemperatures as low as gaining momentum in the U. 3. 
Advanced rovers might allow minus 200°F, blood-bailing space program: “Is there life 
a colonist to perform outdoor atmospheric pressure, are cor on Mars? Maybe not, but there 
tasks without a space suit. But rosive dust as fine os smoke will be,” 
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HE THIF BACK TO EARTH will involve fewer tensions but 

will beeven more tedious. Crew members will count the 

days and hope the machinery holds together, spending 

more time in their tiny seeping compartments, rending 

and daydreaming in privacy. The commander will 
have to be extraordinarily skillful in using crew meetings and indi- 
vidual contact to keep the group functioning as a happy, cohesive 
unit. Mission Control could face difficult choices: Does it reveal 
bad news, suchas adeath in the family, or try to coveritup until the 
mission 15 completed 

Back in Earth orbit, once again after aerobraking, they will be 
examined aboard.a space station to make sure it is safe for them to 
resume a gravity environment and that neither they nor their cargo 
is harboring dangerous pathogens, Then they will be shuttled back 
to Earth and pick up the threads of their terrestrial lives amid the 
most tumultuous global welcome ever given to returning heroes. 

Our tired but triumphant travelers will be followed to Mars by 
others who will add to their tiny outpost. The emphasis in subse- 
quent missions will shift from getting there and back to making the 
planet more habitable. Toassist, crew specialties will expand toin- 
clude biology and agronomy. 

A first step for the new pioneers will be to burrow underground 
and create habitats easy to pressurize and heat and protect from 
radiation, They will tap Martian resources. Water, obtained from 
groundice or polar ice caps, will be electrolyzed to produce oxygen 
to breathe. The hydrogen component of this process could be com- 
bined with atmospheric carbon dioxide to produce methane, a fuel 
suitable for rockets, rovers, or habitat heating. 

With sufficient water, plant= might be grown in the Martian soil 
in greenhouses, The first settlers will be primarily vegetarians, but 
animals could be raised later for added protein. The Martian soil 
might also vieldl cement, glass, and metals for construction. 

Little by littl: the first mission's inflatable habitat will be 
replaced by a village of underground dwellings and extensive 
greenhouses. A happy milestone will te the birth of the colony's 
first baby. Reared at one-third Earth gravity in a biologically iso- 
latedenvironment, this delicate child might not be able to survive a 
visit to filthy, bone-crushing Earth. 

In discussing the future, such as our Mars journey, one must 
be careful to differentiate between what can be done and what 
mil be done. We can embark on an expecition ta Mars on 
June 3, 2004. But to do so will require far more than scientific 
curiosity and technological capacity. It will require a grand politi- 
cal decision, a global version of John F. Kennedy's nationalistic 
march to the moon. 

And itwillinvolve danger, no matter how carefully undertaken, 
because of the vast distances involved. In 1910 Englishman Robert 
Falcon Scott and the Norwegian Roald Amundsen set out for the 
South Pole: Scott's team faced one disaster after another, 
until the last.men finally froze to death. For Amundsen, who had 
been meticulous in his preparations, everything went well. 

Regardless of when we go to Mars, and we should be preparing 
how, may the spirit of Amundsen be with the first intrepid crew. [] 
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THE 1989 CRESSIDA. 
THE PRIDE OF TOYOTA. 


The king of luxury performance sedans is all-new for [989 

Cressida has uncaged a 6-cylinder 24-valve engine that delivers [90 lion 

hearted horsepower, A redesigned chassis. featuring surefootes 

MacPherson strut front and double wishbone rear suspension, combines 

with Cressida new power to give cat-like handling and roaring performance 

Complementing all of this power is Cressidas graceful new styling, which 
Wraps around an ergonomically designed interior of majestic luxury 

Finally there is the reassurance of knowing that Cressida 

has been named the most trouble-free new car sold in America for two 

straight years’ A fitting accomplishment for the master of the asphalt jungle 

The 989 Cressida. Make the pride of Toyota the pride of 

your driveway, Call |-S00-GO-TOYOTA lor more intormation and nearest 

dealer location. Get More From Life..,Buckle Up 


TOYOTA QUALITY 


WHO COULD ASK FOR ANYTHING MORE! 





"Based on problems encountered in the first *).days of ownership— 
LO Power & Associgtes FAW, P88 Mew Car initial Quality Surveys. 
© 9865 Toyota Motor Sales, LS A_ bec 
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~ HOLD YOUR WORLD TOGETHER WITH 
THE POWER OF MOBILE COMMUNICATION. 
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Pandas in 


onions from Spain, strawberries 
from Kenya, cucumbers irom 
France. tomatoes from the Neth- 
eriands, grapes from Suth Ad: 
rica, and bananas from Belize 
ofl waiting to co into a restaurant. 
“Here's o pemr from Cyprus,” 
the driver sak, pulling a beaut, 
from a box 

It struck me that his yan was 
bringing the world to the restau- 
rant’s doorstep. In every bite the 
customers Would be able to taste 
the breezes of Normandy, the 
sunshine of the Mertiterranenn, 
the tropical showers of the Carib- 
bean. And as they did sa, they 
might also sense a geographic 
truth: We are all interconnected 
on this planet 

This fact has been lost on many 
Americans, who possess a wot- 
fully poor sense of where thes 
are—much less any knowledge 
about the rest of the world, One 
in seven—some 24 million peo 
ple — cannot find their own coun- 
try on a world map. More than 
half don't know its population. 
These and other sobering statis- 
tics emerged from an interna- 
tional survey conducted for the 
Society by the Gallup Organiza- 
tion. The most disturbing finel- 
ing: In a survey of 18-to-24-vear- 
olds from nine nations the United 
States scored dead last in general 


geographic knowledge A few said they thought 
pandas come from Panama, kangaroos from Leba- 
non, und the Summer Olympics were to be telel in 
Nigerim, And these were the most recent graduates 


of our high schools anc colleres. 


|) EOCRAPHY CAN HE FOUND in the strangest 
places. While in London not long ago, I 
came across an open produce van parked 
otacurh and was intrigued by the variety 
af fruits and verctables it was carrving, There were 


THE 


Only half of U.S. 
adults know that the 
nation where 
Sandinistas and contras 
have been fighting 
is Nicaragiia 
ATONE The guessed 
Norway and Australia. 


Pwelve million 
—LMeTICAnS OO het know 
that their nation’s capital is 

Washington, D. ¢ 


People in Swecked., 
Japan, and Canada are 
more likely to knaw 
the pomilation of the 
U.S. than are Americans 


Despite heav5 
Lo. MVOlVveMent in 
the Persian Gull 
three-fourths 
Of AMEFiCans cannot 
fil itona work map 
Pwo-thirds cannot 
find Vieimnam 


More than tall 
of U.S. adults have 
forgotten that Columbus 
Wes hoping to find 
Les when he discovered 
the New World 





PRESIDENT 


Panama? 


To find out what American |2th graders do ordo 
not knew about the world, the Society has commis- 
eioned the National Assessment of Educational 
Progress—also known as the Nabon’s Keport 
Card—to achminister.a program of tests. The re- 


aults, due in earhy 1989, will es- 
tablish « benchmark for future 
Fortunately there are 
signs that the educators are now 
taking this problem seriously. In 
a recent survey of top state offi- 
cials in public schoots, 84 percent 
said they believed a greater em 
phasis will be put on geography 
in the coming years 

The U.S. Congress has kept 
the ball rolling by designating 
November 13-19, 1988. as (rene 
rmuphy Awareness Week. In cele- 
bration of this the Society & 
sending thowsands of 
plans, posters, and other activi- 
ties —under the theme “(Ceopra- 
ohy: Passport to the World” —to 
soci sturlies teachers across the 
country 

We're Fearing up for 
an exciting: contest next year; 
the National Geography Bee 
Fourth- to eighth-grade students 
in 82,000 schools in the United 
States and its terrifories have 
heen invited to compete curing 
the week of Jatiuary 9, 1989. As 
many as §3 finalists will be 
brought to Society headquarters 
in Washington, D. C., for the na- 
tional chanipionship to be held 
on May 18 and 19. First prize will 
be a 325,000 scholarship: second 
a 315,000 scholarship; 
third, a $10,000 scholarship 


progress. 


leascn 


fle 


prize, 


L can't sav if anv of the questions will concern 
fruits and vegetables of the world. But if I were a 
young competitor, lwouldn't rule anyvthing.out 





Sholary, educators, and those with aapectal interest in. geography education who would like a copy of the 1S T-page 


Gallug Report theald write the Notional Geographic Society, Dept 
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Chile 

During a month-long visit my wife and I saw a 
very different (hile from that described in the 
July 2988 issue, Nobody claimed Pinochet was 
an angel, but evervone we spoke with, from a 
greengrocer in Santiago to an elderly man gather- 
ing seaweed at the shore. was happy with the ad- 
vanoes: Pinochet has brought and disturbed that 
the U.S had senta million dollars for his oppo- 
ation and had cut Chile from the preterential tar- 


rain Bh L. KRANKER 


Stockholm, New Jerse 


xcept for minor refercnc¢es to the continuing 
(Chilean horror, the article mainly provides 
excuses for Pinochet repression and right-wing 
ideology, distorts recent and current Chilean his: 
tory, and under plawsthe U.S. government's role 
in producing the Chilean ovisery of the past 15 
vears. It replays the now tired and disereclited 
story of asoctety forced to choose the evil of right- 


wing capitalism because of the greater threat of 
left-wing communism 

ROBERT ELIAS 

Ceuerfortve Study of Low 

ond Socrery 

Cnpernty of Calfornua, Berkeley 
Asa Chilean I enjoved Mr. Boraiko's article But 
the accompanying photographs did not do justice 
to the country. The poverty and politics depicted 
are a reality, but so are other aspects of our life: 
miidle-class Chile, tounst (Chile; professional 
Chile, sunel all the other facets of what ts often called 
the Switeerlancd of South America. 

HEIDI DE GRUMBLING 

Chicage, finrass 


The VYaogui of Mexico, the Grunicuru and Mhavaof 
Paraguay, and the Patagonian tribes of Argentina 
might dispute your claim that the Mapuche were 
“the onlv Indians in the Americas to resist the 
Sparniiards successtully throughout the colonial pe- 
nod,” Sone of the above groups were effectively 
cube) Until the introduction of the repeating 
rifle. vears after the Spantarcds had left the scene. 

THOMAS WHIGHAM 

Deportewel of Mistery 


Cniversily of Georgia, Athens 


Your reports on Chile and Guatemala (Tune 1958) 
provided effective coverage of the human rights 
concerns expressed by the United Nations and the 


THE BEST CARDIOVASCULAR EXERCISER 
Nordic rack 


Scientific Proof 


In tests of exercise efficiency al a major university, Nordicirack burned 
More Calones and Provided a greater cardiovascular workout than an 
exercise bike and a rowing machine. And a healthy cardiovascular 
system is your key to a full and active life, 


Plus... Best Way to Lose Weight 
Recent stucies show that aerobic exercise is the most effective way 
to lose weight. No other exercise machine burns more calories than 
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dieting. 
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organizations speaking cut against the violent 
repression that the governments practice against 
their own people. | 
In Chile we are concerned about the current ¢- 

calation of harassment against people from many 
wilks of life, including nurses, actors, trace union- 
ists, political activists, human-rights workers, and 
stuctnt leackers, There have been frequent reports 
of disappearances, torture, and death threats that 
have been carefully documented. 

Janet KILGANNON 

Amnesty (nternational 

Ciimia, Onfara 


Kourion Earthquake 
As an American born in Cyprus, I commend 
Dawid Soren for his efforis in presenting the history 
of Cyprus through archaeological excavations. 
His article (July 1988) ts highly informative. It 
would have been gratifving if a similarly unbi- 
ased endeavor were made toward finding o V- 
able solution to the political problem of that 
hapless island 

Nick C. Lows 

Orlando, Florida 


The photograph of the doomed family holds a per- 
won poignancy for me. In 1979 my husband anc 
son, then a toddler, huddled in achoset with me as 
our home was demolished by a tornado. I can 
imagine, all too clearly, the terror felt by those an- 
cent earthquake victims. 

Lisa GUNNELL 

Wichita Folly, fevas 


Iflocal villagers identified the ttems on page 47 as 
lacemaking bobbins, take their word for it, even if 
the artifacts are over 16 centuries old. Although 
bobhin lacemaking reached its heyday in the 
LS00s, evidence of bobbin lace has been found in 
Coptic tombs in Egypt. 

SALLY KATHRYN NUTTALL 

Glen Ridge, New Jertvev 


Atlanta 
This native Atlantan thanks you for vour excep- 
tional article (July 1938), Chances are one of the 
mansions vou drove by in Buckhead was home to 
the Southern Writers Theatre, where Lam artis- 
the director. 

Jim Dorsey 

Atlanta, Georgia 


Author Eria #wingle bas exhibited myopic vision 
in ber thumbnail assesament of Smyma-as “red- 
neck.” We have no more pickup trucks, haselhall 
caps, or ignorance per capita than anywhere else. | 
know, for have lived and operated a business here 
for more than ten vears. [If Ms. Zwingle had experi- 
enced our beawtiful Jonquil City, she would know 
of the community involvement, exctting business 
opportunities, anc proximity to the finest shopping 


and recreational facilities, Our school svsteni is 
one of the best around, We have more than 40 
churches, varied cultural events, libraries, and the 
usual blessings of an erudite population. N.ATION- 
AL Grocraparc hots been remiss in allowing this 
type of slur to go unchecked. My neck may not be 
red, but your collective face should be, 

LINDA P. FARMER 

Sunjrnd, Georgia 


Teds, ond we accep the advisory of Setvena’s public 


relations divector Kathie Barton, “We would lke 
to be colled ‘hometown folks. ie 


Frankly, mv dear 2wingle, not all Athentins agree 
with Mayor Young's “get rich quick” intentions. 
And those “overwrought Southernisms” have al- 
lowed for an element of internal humanism not 
found in many cities. The scars Atlanta bears are 
net from Sherman's destruction but from super 
development and financial greed 

MARY McDaNie. 

Atlanta, Georgia 
On pages 22-3 Lhe young runners’ shorts appear to 
he made from the American flag. Tithe 3, Section 
176.of the U.S, Code save “The flag should never 
be used as wearing apparel... No part of the flag 
should ever be used as a costume or athletic uni- 
form.” Patriotism te evident in the picture, but the 
young men should be made aware of the code. 

ROBERT L. GARNER 

Rome, Georgia 
Moors in Spain 
Powerless, we watch how Granacda’s most typi- 
cal areas are being used for tourism and bow the 
Alhambra has been rented fora film stage. I hope 
that articles like yours (July 1988) will help the 
authorities realize how necessary it is for all of us 
to keep our land's identity. 

Pau BERMUDEZ ACKERMANN 

Barcelona, Spam 


Aslight error on page 93; logarithm was not named 


for scholar. al-Khwarizmi but was. coined by inven- 
tor John Napier from the Greek words feges (ratio) 
and grif/mmes (number), Al-Rhwariemi's memory 
still lives in two books. From his book about arith- 
metic his name comes to us a5 “algorithm.” His 
second book, Aitab al-jabr wa al-mugabalah, 
gives us our word “algebra.” 
Davin F. ANDERSON 
Deportment of Mathematics 
[niversily of Tennessee, 
Anoxyville 
The frequent use of the word “reconquest” sug: 
gests that the struggle for supremacy on the Iberian 
Peninsula was one between a monolithic, indize- 
nous Christian people and foreign Muslim invad- 
ers from Africa. How long must invaders nbahit a 
land before they may be considered indigenous? 
The Muslim presence in Spain lasted over 800 


National Geographic, November 1988 
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Vears, some JOO years longer than the European 
Lhristian présence in the Americas 
ALI GALEDARY 


- ln a eee 
fas Aatee we, La ornre 


Troe, the Moors conquered almost all the [berian 
Peninsula but never the rough mountainous region 
of Asturias, There they met defeat at the hanes of 
Asturian Don Pelayo. This is why the region i 
referred to as the birthplace of the Reconquest, La 
Cuna de la Reconquista, of which Asturtans are 
Very proc 

Cesar V. RODRIGUEZ 

San Juan, Puerto Arce 


Che fountain surrounded by 12 lions (page |00) is 


ron 
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inconsistent in. an ecifice whose Visti bealeders 
abhorred any representation of man or beast, until 
one discovers that the work wos designed in the 
th century fora fortress-palace built bya practic- 
ing Jew, Joseph ibn Nagdilah. ‘To him the lions 
represented the 17 oxenin King Solomon's Temple 
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Dying Palms 

Congratulations on 4 splendid article on palm 
trees! July 1988). Inthe 1950s whatwas popular- 
Wocaliect the | 


nutpalmin Sri Lanka, devastating the estates in 


hinoceros beetle attackec| dite Hct 
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Wien | wae a landscape gordener in Kev West 
in the late 1950s, T found the tirst ching palm to hit 
the coast of the LU. S, on the (asa Miirina-Hotel 
grounds, | suspected something serious: but 
couldn't get anvene to fsten, [ found maggots in 
the bail, and it smelled like 
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eased palms and had them burned. I thimk birds 
foecing on those maggots spread lethal vellowing 
CHARLES WARDLOW 
Aev West, Florida 
fry Peria ( it cor float after hee deh velarurine dir- 
fase 2265 m, roing Hest 
geks aw the fds, 


if atiracts fliet whase moe- 


ced fo Memiieors Forum, 
Magazine, Bor 37448, 


rhould be addre 
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HWaskinecion, 2. C. 20005, and should racine 
waders gddress aed telephone number, Not all 
letters can be aed. Thoave that ore will often be 
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DOOGE GRAND CARAVAN. poise 
Grand Caravan is the giant-size version 
of America’s first and oniy front-wheel 
drive minivan. With an extra 25 cubic feet 
Inside, i's more than big enough for fiun- 
loving families. And Grand Caravan hart- 
dies ital with a cartke feel, and availiable 
2.0L fuel-intected V-6 and electronic 4- 
speed Ulfradrive automatic. This year, 
heres a new power sunroof" Plus, our 
exclusive * year or 70.000 mile Protection 
Pian’ helps the good times fasi The 1989 
Dodge Grand Caravan. A great way fo 
increase your recreation room. | 
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Drought Helps Uncover 
Life on the Mississippi 
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Raptor Nursery Raises 
Birds for the Wild 
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Citizens Join Together to 
Save Their Environment 


hen (eidents of Scientist 
| Clnkts, Abary lanl, be are thal fant 
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Important to Japan 
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SAP See Imagine life in the next Century, ..the new Buick 
Po. ul Century. It has a smooth new look. And Century 
is equally smooth on the road, thanks to Buick’'s 
Century offers a wealth of premium features: 
« New optional 160-horsepower 3300 V-6 engine 
« Automatic transmission, power steering and 
power front disc brakes m 6-passenger roominess 
« AM-FM stereo radio a Whitewall tires with 
Century offers all this at a surprisingly 
reasonable price. See your Buick dealer now. 
Discover how to enter the next Century... very 
comfortably. And very smoothly. 
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Send me my mint bicck of Carousel Animal Stomp 
and the FREE Carousel Memories poster, Enclosed 
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An American Tradition Since 1668 


For the store nearest you, write: Kromentz & Co.,-21 Chestnut St.. Newark, N.]. 07101 





At 62, Donald Henness discovers a sculpture in each piece of wood 
and an opportunity in a variable annuity from The Prudential. 


“Every piece of wood tsa challenge, You have to treat it like an individual. So when 
your idea finally takes shape, the satisfaction is great. | like challenges. Like turnmg m\ 
retirement money into the income | need for my lifestyle. | did.a lot of research, and, well, 
the Prudential agent was the only one with the knowledge and background | wanted. He 
seemed to be interested in me as an individual, He made no rash promises, He stiggested 
a Variable annuity, With The P rude nial, I've got very little to worry about.’ 
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bat The Pricdenial elp you discover 
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your needs. For Donald, that also included 
a Prudential guaranteed & D. a Variable 
hte policy, and a mutual fund, For our tree 
brochure about The Pride ‘nitial’s financial 
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extension 4545, or write to The Prudential, 
Department 459, P.O, Box 5222, Clifton, 
NJ 07015-9819 
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jUestion VOU ask about Nature's 


ewer in Madarascal 


Wal mols ! Among the creatures arousing 
3 , B lla rd IS 5 wonder are chameleons. Halt 


the known species of this Old 


sand land” | 
romised lant World lizard, including the larg 
! ies rst anc smallest, are found 


there. Like the Parson's chame 
lecn (drawing), they hare 
ankind came late bo Miacds- evolved highly specialized 


gascar, pernaps only 1.500 features 

years ago. The newcomers ost people are aware of the 
HAE resident papuiahons of Chameleons aAMity to change 
distinctive plants and animal: olor in response to light, tem- 


that had developed chiorma thi perature, and ageression. 
145 million years since the EOually CLnaOUs are Chame 
leon eves. Lach 
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Ent Was Wren ra a 
from the African abewd 
LOntinent fy tection Then with 
LOPC eS Tncommon 
SHIEnLsis have bee! WcUrACcY the 
enthralled by that wild lizard’s sticky tongun 
life. “Natute 266m: to have flicks out to snare insects of, 
relreated there into & private in the case of large chameleons, 
sanctuary, where she could hatchling birds 
work on diferent models from Equally untkely are chame- 
any she has used clecewhere,” a leon feet, The toes are posi 
French natiuraliet wrote in 1771. Hioned so that all four legs can 
calling Madagascar “the natu grasp a slender branch below 
raliees’ proriisect ariel Chere the body. Chameleons walk 
you meet bizarre and marvelous with o hesitating gait, giving 
forms alevery step.” rise to o Madagascar proverb: 
Aoologrt Aliecon lolly agrees “The chameleon counts his steps 
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arnival festivals ev 
n Seville to celebrate spring, 

At “Las Fallas” in Valencia 20 foot high sculptures 
re bummed to cleanse the old and make room for the new 

Shit dancers in Aniuiang celebrate the Feast ol 
Viery Mardalene. Theres the extraordinary muh HW th 
bulls in: Pamplona and the Burtal of the née in Niurcl 
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DiNG THIWAs THE ROPE 
required £en concentra- 
tion," «avs Epic VALLI, 

here beginning a cliff descent 
right) to photograph Nepalese 
honey hunter Miani Lal at work 
“There were so many bees | was 
afraid I might freak out. But! 
knew if I did, T-would be dead 
=O 1 TOOK:-e Geep Dresathanod 
reidwec. (eetting stung would be 
better than finding mvself at the 
bottom of the cliff.” His hones 
hunter series Won a first prize in 
the 1988 World Press Photo 
Foundation competition 

he former cabinetmaker 
from France ane his wife, Diane 
SUMMErs, o Way VEr (Pom Aus. 
tralia, met ona bus in Népal 
five veers ago. Now living if 
Kathmandu with their daugh- 
ter. Sarah, they have procuced 
four books anda film. Both 
Spear Flaca wep ~ La NF 
In bO Ce Meru Gans TO tee cl 
ferent peoples isn’t our work,’ 
cave Liane. “[t's qur passion.” 

Obtwiring unobstructed riews 
of the Mount Everest region 
through this optically correct 
Window Of a Learet, free-lance: 
WILLIAM THOMPSON felt he 
was living a photographer's 
lream. “It wae the chance of a 
lifeome. Here I was on top of 
the world, The air was Crystal 
line, and we could see from 
libet to fnelia. [ had an mcred- 
ile sense of serenity 

[In contrast, flights in a high 
altitude prop plane were down- 
neht tnehtening. “Cine dav wi 
Glunged a thousand feet in a 
downedratt My camera lense: 
went {vit out the open door; 
Barry Bishop was thrown to the 
bulkhead ancl almostknocker 
unconecinus. It was increcibh 
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Chevrolet, Pontiac, Olds- 
~ mobile, Buick, Cadillac or 
GMC Truck. 
And that's something you 
can appreciate—even if the 







senareiok’ you rein the closest you ever ah to an 
swamp and its residents. alligator is we 
The last thing you need to the local 





worry about in places like road today, whether it's a shoe store. = 
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